1 20 Cctober 2003 ALKOXYI ATI ON CATALYST AND METHOD FOR PRODUCI NG THE
SAVE, AND METHOD FOR PRODUCI NG ALKYLENE OXI DE ADDUCT USI NG THE CATALYST 5
FI ELD OF THE | NVENTI ON The present invention relates to an al koxyl ation
catal yst and a nethod for producing the sane, and a nethod for producing
an al kyl ene oxi de adduct using the catlal yst. More part i20Wasber 2008e

i nvention relates to an al koxyl ati on sol*i catal yst conprising a netal

oxi de, and to a nethod for producing an aIkerne 10 oxi de adduct that is
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sufficiently narrow a tribution canno ) | ar ge
anount of by-product such as di oxane, di oxol ane, or polyethylene glycol is

pr oduc_ed. | BAAGHROUNDOE THRINVENTIEN! yst strongly cor rodes naterials
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polyalkoxylating alcohol, fatty acid, fatty acid ester, amine, alkylphenol, or the
like with an alkylene oxide such as ethylene oxide or propylene oxide have been
ufilized as nonionic surfactants in a wide range of application.
As such an alkylene oxide adduct, one having a narrow adduct distribution
20  has many advantages, e.g. high foamability, as compared with one having a
wide adduct distribution. As a method for obtaining an alkylene oxide adduct
having a narrow adduct distribution, those using a halide catalyst such as a
halide of boron, tin, antimony, iron, or aluminum, or an acid catalyst such as
phosphoric acid or sulfuric acid are well known. However, in such a method
25 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 sohd catalyst for producing an alkylene oxide adduct
30  having a narrow adduct distribution, the following composite oxides have been

proposed.

1) Japanese Published Unexamined Patent Application No. (Tokkai hei) 1-
164437: A method for producing an alkylene oxide adduct having a
35 narrow adduct distribution uses as a catalyst a magnesium oxide in which

a metal ion such as aluminum is added. It discloses, for example, a



164437: A nmethod for producing an al kyl ene oxi de adduct having a 35 narrow
adduct distribution uses as a catalyst a magnesiumoxide in which a netal
ion such as alumnumis added. It discloses, for exanple, a 2 20 Cctober
2003 nmagnesi um oxi de catal yst containing 3 wt. % of alum num 2) Japanese
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by- product . I-bvmam a magnesium oxide catalyst in which aluminum is added. However,
the effect of inhibiting polyethylene glycol formation is still insufficient.

4) Japanese Published Unexamined Patent Application No. (Tokkai hei) 8-
20 268919: A method for producing an alkylene oxide adduct having a
narrow adduct distribution uses as a catalyst an Al-Mg composite oxide

which is obtained by calcining aluminum magnesium hydroxide.

An alkylene oxide adduct obtained using each of the above-mentioned

25  catalysts has a narrower adduct distribution than that obtained with an acid
catalyst. Moreover, generation of a by-product such as dioxane can be
inhibited. Particularly, a compostte oxide of mag’nesium and aluminum has a

high activity. However, the composite oxide catalyst cannot inhibit formation

of polyalkylene glycol as a by-product. Japanese Published Unexamined

30  Patent Apphcation No. (Tokkai hei) 7-227540 discloses a catalyst capable of
reducing the amount of polyalkylene glycol formed as a by-product. However,

the effect of inhibiting polyethylene glycol formation is still insufficient.
Moreover, it 1s a high molecular weight polyalkylene glycol with a molecular
weight of several tens of thousands that causes particularly difficult problems.

35 Even a trace of high molecular weight polyalkylene glycol can cause problems
in polyalkoxylating. For example, removing catalysts may become difficult,



the effect of inhibiting polyethylene glycol formation is stil
insufficient. Moreover, it is a high nolecular weight polyal kyl ene gl ycol
with a nolecular weight of several tens of thousands tha;ﬁﬁgéseg
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been present invention comprises a metal oxide containing magnesium, aluminum, and at
least one metal selected from chromium, manganese and iron, in an alkoxylation process,
20  as an alkoxylation catalyst.

The alkoxylation catalyst of the present invention is obtained by adding the
metal as a third component to Mg-Al composite oxide containing
simultaneously a basic site of an oxygen atom adjacent to a magnesium atom for
activating an organic compound having an active hydrogen, and an acidic site of an

25  aluminum atom for activating an alkylene oxide. Mg-Al composite oxide has been
conventionally utilized, and it is a highly active catalyst with which an alkylene
oxide adduct having a narrow adduct distribution can be produced. Moreover,
according to the present invention, formation of high molecular weight polyalkylene

oxide glycol as a by-product can be inhibited by



conventionally utilized, and it is a highly active catalyst with which an
al kyl ene oxi de adduct having a narrow adduct distribution can be produced.
Mor eover, according to the present invention, formation ofradﬁ@gh noj(@gul ar
wei ght pol yal kyl ene oxi de glycol as a by-pr oduct can be i fobef 4 20
Oct ober 2003 the third conponent. This iS because the addition of the netal
as a third conponent causes a structural change in the active site of the
side reaction. The structure of the active site in the catalyst is
changed, f otheeftirplcompepetior Mg i begsivae|the yphliden oft thee matalt 2§ reclthidés t he
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Figure 1 is a graph showing the adduct distribution of an EQ adduct
15 obtained according to Reaction Example 1 using a catalyst of the present
invention.



10 Figure 5 is a graph showi ng the adduct distribution of an EO adduct

obt ai ned according to Reaction Exanple 5 using a catal yst of the present
invention. Figure 6 is a graph showi ng the adduct distribution of an EO
adduct obtained according to Reaction Exanple 6 using a catal yst of the
present 15 invention. Figure 7 is a graph show ng the adéuddtolshr22008buti on
of an EO adduct obtained according to €onparative Reaction Exanple 1.
Figure 8 is a graph showi ng the adduct distribution of an EO adduct

obt ai ned according tq Conparative Reaction Exanple 2. 20 _Figure is a
graph showi ng th‘@%é‘a%.]b?t aﬁ??ﬁ‘i%ﬁ’f"l% tg‘F a@ﬁﬂ@o@&'a%ftm Gb& EQdaaéE@r di ng
t o Conpar at bb@aikrehatdodingx amileaction Exguipde 1D uskhgaageaanlyss béwhe prebentadduct

distribution of an EO adduct obtained according to Reaction Exanple 11

using a cat é‘ﬂ‘i?%‘tt“%f the present invention. 25 Figure 11 is a graph show ng
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in 30 Exanpl esFiburd 42ida drabh $HoRidd thd @¥uandXthpidH bf GACEDORd@&itt ern of
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PESOR! P11 ONORIR A AQURE B FeBetR: aP]gﬂR%/ét uging; stopt the,nzeeenén wil |
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e descri bethventidat ail as follows. As the netal of the third conponent in
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Figure 6 is a graph showing the adduct distribution of an EOQ adduct

obtained according to Reaction Example 6 using a catalyst of the present
15 invention.

Figure 7 is a graph showing the adduct distribution of an EO adduct
obtained according to Comparative Reaction Example 1.

Figure 8 1s a graph showing the adduct distribution of an EO adduct
obtained according to Comparative Reaction Example 2.

20 Figure 9 is a graph showing the adduct distribution of an EO adduct
obtained according to Comparative Reaction Example 3.

Figure 10 1s a graph showing the adduct distribution of an EQ adduct
obtained according to Reaction Example 11 using a catalyst of the present
invention.

25 Figure 11 is a graph showing the adduct distribution of an EO adduct
obtained according to Comparative Reaction Example 4.

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

Figure 13 shows X-ray diffraction patterns of catalysts obtained in

30 Examples 1, 3 and 4.

Figure 14 shows an X-ray diffraction pattern of a conventional catalyst

obtained in Comparative Example 1.

DETAILED DESCRIPTION OF THE INVENTION
35 The catalyst of the present invention will be described in detail as follows.
As the metal of the third component in the catalyst of the present



5 conponent. In the catalyst of the present invention, it is preferable
that the ratio of each netal is within a range suitable for inhibiting
formation of high nolecular weight polyalkylene glycol as a by-product,
whil e mai ntaining high catalytic activity of Myg-Al conposite oxide. A
preferable ratio of each netal is described 10 bel ow. Tl (dtetar@onati o

bet ween magnesi um and al umi num as shown6by Al (My+Al) is preferably in the
range of 0.1 to 0.7, nore preferably 0.3 to 0.6. The atomic ratio of the

netal added.as a third corrpor(n)gg}t with respect to the total netals, js
preferably iRvenben, dpgeen, mogddepury, manggpesey feshppidpmy irgngcopalt, niskel, o5 | 1
the amount ef rtfiRenilnrid preRpLe Rised.s m@e%mbfablﬁ ker@hfigs! mahehidbebht | Ng

formati on of hi.gh | ecul ar. | ght pol.yal kyl ene gl ycol, cannot .be. obt ai ned
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excessi vel y at deapt, twtohef ¢lat abyte-mentivnad metalymby e alspased. aJhke qhirdl yst of

t he presgnt c{nﬂﬁmton can be obtained by a known nethod 20 for preparing a
c )

mul ti-elenme onposi te oxi de, for exanple, by the igﬁre nation nethod or
copr eci pi t at i oha Hes ¢adalysirofghe presenipventpmil isgprefesable @qtietrat;o of ¢aehpr esent
nvent i on byndel;C Qe o LAld leaBi b RmARRCK Bt phfAlA ng to
t he copreci plt%ﬁyagghod, I rst a, mxed aquequs solution~ 25 containing a
metal conpoWisE lsne ghrcel ag @ buproduch, wBHe meainkupmg bighosatalylicor i de
of each net abtivity PfMpAIEmposite exifs.CA pirdfabld tdfedch metdlds dastebed

sol uti ofy Tgaagr ecipitate obtained by the addition of the precipitant is
treated™ by hing wth water, drying, calcining, or the like so as to

form a cat al ystThe crtpmicsirago abeterpositagnesiite .and0 akuparntm cad ashoexaibyl e
P12, 18 MRS A P T AR 95,085,
netal conpoundsThs atpmjnestioat the matal addedids a thndagomppnent with xpspestgonent
1 8B el S 08 000108 ety e <
|ts)(r)e1ch eratf e pﬁ’gt ftH;Be %W%’F’ttoﬁngerﬁ Qgpé’G‘PBF jsdpopm %?f?&t%c it“ﬁ’iitﬂtiflﬁe range
of 7 to llforpaitioncef Aighy nidldcalakOwelght titdydbpleasi fidodtcadnot be Gobitained out at
a pH not sufficiently. On the other hand, if the amount of the third component is
excessively large, the catalytic activity may be decreased.
The catalyst of the present invention can be obtained by a known method
20 for preparing a multi-element composite oxide, for example, by the
impregnation method or coprecipitation method. A process of preparing the
catalyst of the present invention by the coprecipitation method is herein
described.
According to the coprecipitation method, first a mixed aqueous solution
25  confaining a metal compound such as nitrate, sulfate, carbonate, acetate, or
chloride of each metal is prepared, and a precipitant is added to the aqueous
solution. The precipitate obtained by the addition of the precipitant is treated
by washing with water, drying, calcining, or the like so as to form a catalyst
comprising a composite oxide.
30 A particular example applying the coprecipitation method to the present
invention is a method of forming a precipitate by dropping a mixed aqueous
solution containing metal compounds of magnesium, aluminum and a metal as
a third component with a precipitant, while adjusting the flow so that the pH of
the mixture solution falls in a predetermined range. In this example, 1t is
35  preferable that the pH of the mixture solution is adjusted within the range of 7
to 11, particularly 8 to 10. If the coprecipitation is carried out at a pH not



7 20 Cctober 2003 within the above-nentioned range, netals may be el uted.
Thus, an oxide catalyst having desired conposition and crystal structure
may not be obtained. Preferable exanples of the precipitant are al kaline
aqueous solutions, particularly alkaline aqueous solutions containing a
carbonate such as sodium 5 carbonate. Furthernore, in or@8rOdicbareidnBai n t he
pH within the above- mentioned range, it/ is preferable that the precipitant
contains a hydroxide of alkali metal such as sodiunrhydroxide From t he
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having 4 t Obo%%ligfi‘,r&%ering is facilitated and surface area is decreased, so that catalytic
activity may be decreased.

Next, an organic compound to which alkylene oxide is added using a
20  catalyst of the present invention will be described. Such an organic compound
1s not particularly limited, as long as it can be alkoxylated, but particularly used
1s an organic compound having an active hydrogen or an ester. More
particularly, alcohols, phenols, fatty acids, fatty acid esters, fatty amines, fatty
acid amides, polyols, or a mixture thereof are suitably used. Typical examples

25  of them are illustrated in the following.

As alcohols, it is preferable to use a saturated or unsaturated primary or
secondary alcohol having 2 to 30 carbon atomé, more preferably a primary
aleohol having 4 to 24 carbon atoms, particularly preferably a primary alcohol
having 6 to 24 carbon atoms. Furthermore, as phenols, it is preferable to use

30  mono-, di-, or trialkylphenol, particularly a compound having 4 to 12 carbon
atoms in an alkyl group.

As fatty acids, a fatty acid having 8 to 22 carbon atoms, for example, a
saturated or unsaturated straight-chain fatty acid obtainable by fat
decomposition of coconut oil, palm oil, palm kernel oil, soybean oil, sunflower oil,

38 rapeseed oil, fish fat, or the like (e.g. caprylic acid, n-capric acid, lauric acid,
myristic acid, oleic acid, or stearic acid), or a mixture thereof preferably can be



atons in an al kyl group. As fatty acids, a fatty acid having 8 to 22 carbon
atons, for exanple, a saturated or unsaturated straight-chain fatty acid
obt ai nabl e by fat deconposition of coconut oil, palmoil, palmkernel oil,
soybean oil, sunflower oil, 35 rapeseed oil, fish fat, or the like (e.qg.
caprylic acid, n-capric acrd | auric acid, nyristic acrdptldmmarZQOBd or
stearic acid), or a mxture thereof preﬁerably can be 8 20 Cctober 2003

used. Furtherm)re as fatty acid esters, is preferable to use those
pr oduced b |f ng the bove ntloned fatty acids th an_al cohol of
al kyl group 3{ Fgmﬂ Ta Sﬁt@rs( éhlsd?rﬁgaﬁ%l?eﬁ%\b‘ﬁﬁg’ofet%oﬁu‘@ r bon
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gl ycerol, sorhit

t he ot he an e present
i nvention, Fqacjen Stfeé'f"@?‘étﬂ @a{tga%ieo%mmsgwgg tré%ﬁ%(ﬁ'éi‘ i 2cidyagdcar bon
at ons, parthﬁmmﬁﬁhyrpﬁﬁﬁﬂya@%yaﬁﬁhglene 15 oxi de, propylene oxi de, or
butyl e oxi de hawmin to, 4 ca atons. _In . the follown ref erabl e
conti t18he o raatie B % e PREEABI O nytkhuRag Beslbn i ahebude
adduct accoghrbwigliamg lag @v@agmtdegweemftpai}’maﬁkdmidueof 8etoc?,00@ dor Flyeerokact i on

.terrperaturesd g‘gﬁ,&a@/ 80 to 230 r, nore preferably 120 to 200 CC, nost
preferably 1 1 the reaction 20 pressure al so depends on

Al t hou
the reaction te%éhatqﬁh@r hapd,j i %reei)@sam entign g 5t preferablectopnsef anapl y 2
to 8 atm AhlihRuehodide %bsﬁlgdgﬂﬂr@%a%nt Q@nrmlper—n&ﬁafw ;ﬁ{afei-ﬂﬂy ahlehene
oxi de thedstartln erli rovided.in. t@f r %ron usual ly the
anount t 8 %&1‘-’8?%;% e?f'é‘ o 9F “ﬁﬁ@?%? £ Paging2 1ost SE00R 2tps- nore” pref er abl y
0.05 to 5 wt. Ity tlef fd}lltevmgarprrefagahmmnMcmsumihrmtlalh ciahehe 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

20  pressure also depends on the reaction temperature, it is preferably O to 20 atm,
more preferably 2 to 8 atm. Although it also depends on the molar ratio of the
alkylene oxide and the starting material provided in the reaction, usually the
amount of the catalyst used is preferably 0.01 to 20 wt. %, more preferably 0.05
to 5 wt. %, of the starting material such as alcohol.

25 The reaction operation is as follows. For example, starting material such
as alcohol and a catalyst are put in an autoclave. After the substitution of
nitrogen gas for the air in the autoclave, an alkylene oxide 1s introduced into the
autoclave to cause reaction under predetermined temperature and pressure
conditions. The catalyst may be present in the reaction product depending on

30  its use, however, it i1s usually separated from the reaction product by filtering,
which is performed after adding water or a filter aid to decrease viscosity.

According to the present invention, in a method for producing an alkylene
oxide adduct using the catalyst of the present invention, an alkylene oxide
adduct having a very narrow adduct distribution can be produced more

35 efficiently with high catalytic activity, with a very small amount of high
molecular weight polyethylene glycol formed as a by-product. Particularly,



25 The reaction operation is as follows. For exanple, starting materi al
such as alcohol and a catalyst are put in an autoclave. After the
substitution of nitrogen gas for the air in the autoclave, an al kyl ene
oxide is introduced into the autoclave to cause reaction under
predeterm ned tenperature and pressure conditions- The é8tCdigtsdr 268§ be
present in the reaction product dependi filg on 30 its use, however, it is
usual |y separated fromthe reaction product by filtering, which is

perfornmed after addi ng. water. or filter. aid to decrease viscosity.
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tenper at ur epatire and RBFUIEA ot BE 6kGHerdd 128 BintifR g tﬁgbfés@ﬁghﬁbﬁﬁbfﬁ:"f g)é' de

adduct as a material are inproved. 5 The present "I nvention w
described below in nore detail by way of exanples and conparative
exanpl es. Theg@pkxhnples are illustrative in nature and should not be

considefed as lhmting the present | nt i ~Exanple | 10 1b prepare a
soluti ol A 68.‘%313631)(38? 2%5‘3"@6?‘5“ & ﬁgéﬁe%i@%iﬁi Foht ot %%Wa@gfa%ﬁl 69 g
(0. 127 nol ) hesfabylrate in6H 20.8'¢ mudrflmjaimtien nimatebnadBydraté, undsst. 3®f) of
manganese nigtdgxt &,JPE%R . i in | QRKZ wat er .
On the ot hgcpt%a_ngﬂﬁg %Q,{ Sﬁ&{r}%{ ﬁg@ﬁ%%eug g%r‘%sosﬁgﬁegdﬁmggbogg)sfol ved
in 450 g ofdeiemsed Fadera( thaother pard 13.40EUPI1EH mol) obsoiemgarbariases A and
B were droppggdissélPedirt88@E ¥odeiMhiRbhatdrab py§aielh soRitRW BUS! y supplied wi th
1, 800 5of dei @i zed wat er, o%f a Ferlod ﬁ 1 hour,. while maintaining the
oH of 9% th 2RTKARHRHRE AR Briere dapedrinkp * IVl PEDAZEHER 8epRY ( he
dr oppi ng, tprevivuxydsuppllieti withvig80Giged deidniechouter Jee a Botib@lof |1 Ho@, was
removed by xt/hilé E:r?ahh%mn%nt%etﬂﬁ of @e&itﬁlﬁl\ﬂ\f’adﬁsan\ﬁet%getgmvﬁne}:a u?e of 40 C.

After completing the dropping, the mixed solution was aged for 1 hour. The

mother liquor was removed by filtration, and the precipitate was washed with 6

20  liters of deionized water and spray-dried, and 30 g of a composite hydroxide was
obtained. The composite hydroxide was calcined for 3 hours at 800 C in a
nitrogen atmosphere to obtam 19 g of a Mg-Al-Mn composite oxide catalyst

(Mg : Al : Mn (by atomic ratio) = 0.56 : 0.26 : 0.18).

25  Example 2
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 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 mo)) of sodium carbonate
30  was dissolved in 450 g of deionized water to prepare a solution B.
After that, according to the same procedure as in Example 1, 19 g of a Mg-
Al-Mn composite oxide catalyst (Mg : Al : Mn (by atomic ratio) = 0.56 : 0.26 :
0.18) was obtained.

35  Example 3
To prepare a solution A, 69.68 g (0.272 mol) of magnesium nitrate



20 liters of deionized water and spray-dried, and 30 g of a conposite

hydr oxi de was obtained. The conposite hydroxi de was cal cined for 3 hours
at 800 Cin a nitrogen atnosphere to obtain 19 g of a My-Al - M conposite
oxi de catalyst (My: Al : M (by atomic ratio) = 0.56: 0.26: 0.18). 25
Exanpl e To prepare a solution A, 68.03 g@(0.265 nol ) of agietshanP008trat e
hexahydrate, 47.69 g (0.127 nol) of aluA¥numnitrate nonahydrate, and 20.83

g (0.085 m)l) of rranganese acetate tetrahydrate were dissolved in 450 g of
(0,127 nol) of sodium carbonate

deronrzed t her
30 was di s 49%1‘94% 0§ %(5 lésg Eégluﬁﬁfl ‘in nifrals aepaty dzateonnd 16F0B. After
that, accor 0.0l traol) i manpanyse ceidtite I@(ahﬂd@t@rﬁ?’é@ dissol®ed) 1@f450 f Al - M

018 “was obririel vuLRE Ot offernai, 3756% A1 fBh oPhodiudt ibgRi6 72
mol ) of rragmmsaoh/iedmﬂéoB@)fﬂ@lomzedbmteﬂ@q&epeveaehscdumIeB 61.06 g (0.163
1), T AL RN gkt il ol PP e

nitrate exah%ate wer e di ved'in
ot her hand, &AM eogpegie egdespialytt Alg Hahamcmeo)dwsﬁﬁ v8&4i:n 450 g

of dei oni zed 1034%8E obfriREEPare a sol uti on B 5 After that, according to the
sane procedure as in Exanple 1, 21 g of a |vg- Al - Mh corrposrte oxi de
catalyst (My : Al : M (by atom c ratio) 0.56 : 0.34 : 0.10) was

obt ai ned. Emm 10 To prepare a sol uti on A 66.72 g (0.260 nol) of

i it hyd t 3 f alum trate
nonanydlt o - anp 2508 X Tbifon, PO 7Y, kDO B of pBie ot R e ver e
di ssol ved i hext8ydgatef 38. ﬂ&lgdﬁrlﬂémqlh@f@dmm&atermnaﬂnadmw 14nd29.82 £0. 104
mol ) of SOdg@m@%&g%?tlﬁmﬁﬁ%r Baky Hxhhy ol Gl SRR Gl 448! 81or! O

prepare a solutjon accor sanme proced re as in
Exanpl e 1, goalzg watggy- On the other hand 1101 g (% 104 mol) of sodium carbonate

was dissolved in 450 g of deionized water to prepare a solution B.

15 After that, according to the same procedure as in Example 1, 18 g of a Mg-
Al-Mn composite oxide catalyst (Mg : Al : Mn (by atomic ratio) = 0.56 : 0.22 :
0.22) was obtained.
Example 5

20 To prepare a solution A, 57.26 g (0.223 mol) of magnesium nitrate

hexahydrate, 50.06 g (0.133 mol) of aluminum nitrate nonahydrate, and 35.60 g
(0.089 mol) of chromium nitrate nonahydrate were dissolved in 450 g of
deionized water. On the other hand, 23.57 g (0.222 mol) of sodium carbonate
was dissolved in 450 g of deionized water to prepare a solution B.

25 After that, according to the same procedure as in Example 1, 23 g of a Mg-
Al-Cr composite oxide catalyst (Mg : Al : Cr (by atomic ratio) =0.50 : 0.30 : 0.20)

was obtained.

Example 6
30 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 21.35 g
(0.085 mol) of ferrous chloride 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 deionized water to prepare a solution B.

35 After that, according to the same procedure as in Example 1, 18 g of a Mg-
Al-Fe composite oxide catalyst (Mg : Al : Fe (by atomic ratio) = 0.56 : 0.26 : 0.18)



Al - Mh conposite oxide catalyst (Mg : Al : M (by atomc ratio) = 0.56: 0.22
: 0.22) was obtained. Exanple 5 20 To prepare a solution A 57.26 g (0.223
nol ) of magnesiumnitrate_ hexahydrate, 50.06 g (0.133 nol) of al um num
nitrate nonahydrate, and 35.60 g (0.089 nol) of chromumnitrate
nonahydrate were dissolved in 450 g of deionized water. 20¢tleerd@00@r hand,
23.57 g (0.222 nol) of sodium carbonatell was dissolved in 450 g of

dei oni zed water to prepare a solution B. 25 After that, according to the
sanme procedure in, Exanple 1, 23 g of a Mg- Al -Cr conp03|te oxi de

catal yst (My2SORFaine@y  (py atonic ratio) = 0.50: 0.30: 0.20) was obtained.
Exanple 6 30 To prepare a solution A 68.03 g (0.265 nol) of nagnesium

nitrate heﬁ\{h drate, 47.69 g (0.127 nol) of alum num nitrate nonahydrate,
and 21.35 g‘&él%gg nol) of ferrous chloride tetrahydrate were dissolved in

450 g of dei oni Feibwingtthe sai@n privedotdias ihErampks] 4Zcept ¢hatl PY.82%gl (0.086 sodi um
carbonate wWag) &HHsR %a\gfr%ge blﬁoﬁﬁg sycﬂﬁteov%g ﬁ%e&’\% e &1811%([?8%3 glta1§ %l uti gn

B. 35 After that, ing_t ane proce ure as

a My- Al - Fe0td %&fyénl%n @ema@l@am%@tam@(lw Mae (ybgtontio mtco)r%\oﬁﬁ)

0.56: 0.26: 0@61:3)18) Wwasabtahtai ned. 20 Cctober 2003 Exanpl e 7 Follow ng the
sane procedure as in Exanple 1 except that 16.82 g (0.085 5 nol) of
manganese chl oride tetrahydrate was used as the nanganese salt, 19 g of a
My Al - M\n colimasiple8oxi de catal yst (Mg : Al I\/h(by atom c ratio) 0. 56: -

Beanpl o %Sexceéﬁ SRS oS TR v R A BT BRSO o o

was used asmobefmemrgameseswidte peatahydraike vmd\/@sadl ashthe coapmsicte salt] Heg
catalyst (Mofa Pg-ALMh &dbpRiQT:Rid GthiPbt 38: AP: MPFBirofhid Pleidfaso 8Bt al ned.

0.26 : 0.18) was obtained.

15 Example 9
Following the same procedure as in Example 1 except that 9.77 g (0.085

mol) of manganese carbonate 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.

20
Example 10

To prepare a solution A, 317.48 g (1.24 mol) of magnesium nitrate
hexahydrate, 222.55 g (0.593 mol) of aluminum nitrate nonahydrate, and 96.9 ¢
(0.396 mol) of manganese acetate tetrahydrate were dissolved in 600 g of

25  delonized 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 info a catalyst preparation vessel
previously supplied with 480 g of deionized water over a period of 1 hour, while
maintaining the pH of 9 with 10N-NaOH and the temperature of 70 C. After

30 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 delonized water and spray-dried, and 92 g of a composite hydroxide
was obtained. The composite hydroxide was calcined for 3 hours at 800 C in
a nitrogen atmosphere to obtain 60 g of a Mg-Al-Mn composite oxide catalyst
35 (Mg:Al:Mn (by atomic ratio) = 0.56 : 0.26 : 0.18).



15 Exanpl e Foll owi ng the sane procedure as in Exanple | except that 9.77 g
(0.085 nol) of nmanganese carbonate was used as the nanganese salt, 19 g of
a Myg-Al - M conposite oxide catalyst (Mg : Al : M (by atomic ratio) = 0.56
:"0.26: 0.18) was obtained. 20 Exanple 10 To prepare a solution A 317.48
g (1.24 nol) of nagnesiumnitrate hexahydrate, 222.55 g2000&8&rmob} of

al um num nitrate nonahydrate, and 96.9 (0.396 nol) of manganese acetate
tetrahydrate were dissolved in 600 g of 25 deionized water. On the other
hand, 62.88 n( )3 I)n 9f sodi um car bonate was di ssol ved in 500 g of
dei oni zed solution B. The solutions ‘A and B were dropped

into a catal yst Tprrgppazet rosoluesed, 58:26vEo(B:233 suglplof eraghediuds Bitgatsf
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of deioni zed \ﬁgia r,band spray-dried, and 92 g of a conposite hydroxide was
obt ai ned. TR %1 SI te hydroxi de was calcined for 3 hours at 800 Cin a

ni trogen at nosphAfieethan, olibwing he sgnef pracddinédlas vh Bxampdsil} ﬂg)dfdeMgaﬂﬂal yst
35 (Myg: Al ) ober 2003
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magnesiumnitrate hexahydrate and 66.80 g (0.178 nol) of aI umnumnitrate
nonahydjat e%m@%zn 450 g of deionized water. On the other hand,
18.87 g (O sodi um car bonate was di_ssol ved i.n 450 of

dei oni zed wat er? & ¢fadyainuy magnasiym hydroxde gath pphemenl|comnegitioneots ane
procedure ag, anmg@m; enH,0 IKYOWAAD {giblered Qraiedrk) @000RatatRtweH (M)
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for 3 hours, and 16 g of Mg-Al composite oxide catalyst was obtained.

15

m tive Exam
25 g of hydrotalcite with a chemical composition of Mg,AlL(OH),CO, - 4H,0

(KYOWAAD (registered trademark) 500 manufactured by Kyowa Chemical
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, alkylene oxide addition reactions were carried out according to
the reaction evaluation method I as described below. The reactions are

25  referred to as Reaction Examples 1 to 10 and Comparative 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 obtained in Example 1 and Comparative
Example 1, alkylene oxide addition reactions were carried out according to the
reaction evaluation method Il as described below. The reactions are referred
to as Reaction Example 11 and Comparative Reaction Example 4, respectively.
The evaluation results of the reactions are shown in Table 2.

35
Reaction Evaluation Method [



25 g of al um num nmagnesi um hydroxi de with a chem cal conposition of 2.5MO
Al203 nmH20 (KYOMWAAD (registered trademark) 300 manufactured by Kyowa
Chem cal Industry) was calcined in a nitrogen atnosphere at 800t for 3
hours, and 16 g of My-Al conposite oxide catal yst was obtained. 15
Conparative Exanple 3 25 g of hydrotalcjte with a chem cab @uopysiO0Bon

of - MJ6A12( OH), 6CC8. 4H2O (KYOWMAAD (registered trademark) 500 manufactured
by Kyowa Chem cal Industry) was calcined in a nitrogen atnosphere at 500 t

Ui g each car 490 2ot Sl el o A BaRLA G eR: BB A BT SaS R o e
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referred to as Reaction
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high mo4ec de%i‘agftﬁacﬂﬁkt ﬂ@l@ﬁhﬁﬂb&n@ WhyRtoduBESo cfa%@?&cﬁ%n%e‘éwé&{ @gduct in
each reaction ﬁwl EBE val uated according to the respective nethods

as descri bLad‘“B olend tae Bsati on results are shown in Table 1 30

Furt her nore, usi ng each catal yst obtained in Exanple | and Conparative

Exanple 1, %Xﬁ o%’gﬁe@%gﬁ& l?n reactions were carried out according to

the reaction as descri bed below. The reactions are
referred to aéO(Rga)&mecthylElaamib,el 2 & dwdtadystpandi0i12eg ¢t ta BOHEaquapiue 4,

e ey KolutigRSyeEY B PE%%"%“%%%%‘@%?%@% e%@ﬁ?a&%&b'e
al cohol andr@ﬂoe&‘ﬁ‘lt Jilrage gas apdt e&mpewtwwaﬁmew aehily stigmascel ave.

The air in Thenawhids hdVeahdse thptaesatatiredf 1BY rng&ﬁu gaSpredfitteldfd atm,
ased |Ie stirrin |Ie |nta|n|ngthe

t enper at ure was : .

terrperature‘lgil i’ggq axRifee pddprtduelar gugibes @t‘?ﬁs iggredye toéiaﬁﬁ?é??é‘ %i de
(EO 5 (avebageeadHeatethylllauratemhéthe EJD.was i ntroduced to cause reaction
bet ween; 4 he

Catalytic Activity
In each of the above-mentioned reaction evaluation methods, the EO
supplying rate (g-EO/min) was converted into a value per unit amount of
catalyst after a point when the temperature and the pressure reached the
20  predetermined values (180 C and 3 atm, respectively). The obtained value
was used as an evaluation measure of the catalytic activity (the unit: [g-
EO/(min-g-catalyst)]). The EO supplying rate corresponds to the amount of
EO consumed per unit time under the above-mentioned predetermined
temperature and pressure conditions. During this measurement, the catalyst
25  concentration was adjusted to a low level so that catalytic activity under the
control of chemical reaction rate can be evaluated accurately.

The Amount of High Molecular Weight PEG Formed as By-product
In each of the above reaction evaluation methods, the content of high
30  molecular weight polyethylene glycol having a molecular weight of at least
20,000 in the reaction product was analyzed quantitatively according to the
HPLC method, and the comparison was made based on weight %.



| auryl al cohol and the EO Reaction Evaluation Method 11 400 g of nethyl
| aurate, 1.2 g of catalyst, and 0.12 g of 40 % KOH aqueous 10 sol ution
were put in a 4 liter capacity autoclave. The air in the autoclave was
replaced with nitrogen gas, and the tenperature was increased while
stirring. Then, while maintaining the Lfrrper ature of 18Q0t0dwkrtZie3
pressure of 3 atm 494 g of EO (average adduct nol ar nunber: 6) was

i ntroduced t'o cause reaction between the nethyl laurate and the EO 15

Cat al yti CACH{ Mt In each of the above-nentioned reaction eval uation
met hods, th supplying rate (g-EQ mn) was converted into a val ue per
unit anmount of Reagtwinfstampleed ta l g@mdthmmratlﬁeRteemExmeleaddotawe

pressure reached the 20 predeterm ned values (180 <C and 3 atm

respectivelgy WaS-H3 e ] "tg !?: ﬂﬁ"d’ ure of the
LAt 1. - suppl yi ng
"W(]:g"r?%tﬁmed ordHt (v}t_logf . gder t he

catal ytic

rate corresponds to
above- ment i [qRETE T EUE enperature—an ns- During
this nmeasur @gg,%,e {h%%@f@q 25 conggntratipn wasygdj usted to [a | ow | evel
so that catjalytic activity under|{ the <control}|of chemcal reactijon rate can
be eval uat gd accur at jataalystbhex. Amount  ef.Hi gh  Mpl ecul gs Wi ght PEG For nmed as
By- product |In each of the above |reaction eval pati on nmet hods, thg content of
hi gh 30 ndl ecul ar 3weGatst opol. §etihyl erfi gl ycol | havi mP%a nol ecul ar| wei ght of
at least 20,000 in the reaction product was pnal yzed quantitatijvely
according tlo the MHAEYEORBE? dnd t K conparf son V% made based on wei ght
% 14 20 Odt ober ZQO%a];%QlI gieactl og(éixanpl es 1t ’ 0 and Conpdgrative
Reaction EManples 1 npogite I de Catmlytic Activity Amgunt of High
Mol ecul ar Catalyst of Ex. 6 0.20
7 | catalyst of Ex. 7 6.1 0.05
8 | Catalyst of Ex. 8 45 0.02
9 Catalystof Ex. 9 4.7 0.05
10 Catalyst of £x. 10 g2 0.04 7
Comparative
Reaction _
Example t | Catalyst of 5.7 053
Comp. Ex. 1
2 | Catalyst of 48 0.60
Comp. Ex. 2
3 | Catalyst of 6.7 1.10
Comp.Ex. 3
5
Table 2

Reaction Example 11 and Comparative Reaction Example 4.

Composite Oxide Catalytic Activity Amount of High Molecular
Catalyst {g-EO/(min-g-cat)) Weight PEG Formed
as By-product  (wit. %)

Reaction

Example 11 Catalyst of Ex. 1 27 0.06
Comparafive

Reaction Catalyst of

Example 4 Comp. Ex. 1 1.9 0.58




Catal yst (g-EQ' (m n g-cat))Wei ght PEG Forned as By-product (WM. % Reaction
Exanpl e 1Catal yst of Ex. 16.00.06 2Catal yst of Ex. 211.10.04 3Catal yst of
Ex. 38.60.09 4Catal yst of Ex. 43.40.05 5Catal yst of Ex. 53.60.16 6Catal yst
of Ex. 63.00.20 7Catal yst of Ex. 76.10.05 8Catal yst of Ex. 84.50.02

OCat al yst of Ex. 94.70.05 10Cat al yst of gx 109. 20. 04 CoRpdrcieher@0B@act i on
Exanpl e 1Catal yst of 5. 70. 53 Corrp Ex. 1®catal yst of4.80.60 Canp. Ex. 2
3Cat al yst of 6.71.10 Conp. EX. 5 Table 2 Reaction Exanpl e 11 and

Conpar ati ve Reagfti.on Exa 0 | taI d Vi ty unt of
H gh Mol ecul ar tl%ﬁfg?’(g%e%w*%% R ) bR R b e it 46 MERoduct
(W . % Reactdleml&Exanighé polycthdéeyes lyobl zExa by13Qudas mh1b1tedwphen usiag-

ra---1i--Veths zatalyst of the pressnit invention. Particalarly; when using the catalyst of ~

Example 1 containing Mn, the amount of high molecular weight polyethylene

5  glycol formed as a by-product is decreased to about one tenth the amount of that

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

Furthermore, it was confirmed that the ability of catalyst is influenced

depending on the type of the starting manganese salt. For example, the

10  acetate is preferable with respect to catalytic activity, and the sulfate is

preferable for inhibiting formation of high molecular weight polyethylene glycol

as a by-product.
In a multi-layered hydroxide as a catalyst precursor before being calcined,
anions are believed to be taken in the guest layer having a layered structure

15  (while the host layer is metal hydroxide). As a result, the anions influence the
crystal structure of the catalyst 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 HPL.C method. The results are shown in Figures 1 to 11.

20  Furthermore, for the purpose of comparing the adduct distribution, alkylene
oxide addition reaction was carried out using a KOH catalyst as an alkali
catalyst according to the above-mentiored reaction evaluation method I. The
adduct distribution of the EO adduct obtained by this reaction was measured in
the same way as mentioned above. The result is shown in Figure 12.

25 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. 13, in
each of the Examples, formation of a spinel-type oxide comprising aluminum
and manganese (MnAl,O,) was confirmed. Furthermore, a peak resulting

30  from an oxide with a rock-salt structure (MgQO) was confirmed as well as a peak
resulting from a spinel-type structure. On the other hand, as shown in Fig. 14,
only a peak resulting from a rock-salt structure of magnesium oxide was
observed in the Comparative Example.

Finally, 1t is understood that the invention may be embodied in other

35  specific forms without departing from the spirit or essential characteristics
thereof. The embodiments disclosed in this application are to be considered in



Reacti onCat al yst of Exanple 4Conp. Ex. 11.90.58 15 20 Cctober 2003 As is
apparent fromthe results in Tables 1 and 2, formation of high nolecular
wei ght pol yet hyl ene gl ycol as a by-product is inhibited when using the
catal yst of the present invention. Particularly, when using the catalyst of
Exanpl e 1 containing M, the anmount of high nol ecul ar wei2glfictgelr 280yl ene 5
glycol formed as a by-product is decr ea$ed to about one tenth the anount of
that fornmed with the catal yst of Conparative Exanple 1, which was prepared
according to,the same .procedure but,K no ont ai pi Vh. Fur.t errmr it was
conf 1 rmed t AheCtmeei Regaare ud Bpy BRnSfn R Hhatduh Sone e HyeoHoPhe 1ype
of the st ar being indingtad dyehs appendedrclaxsmatier thimbytlﬁ)e feegahedessriptioher abl e
Wi th respec efe able qQr

i nhi biting %"SgrigrrjaltCc ﬁ%ﬁé%sf&%nﬂ%%h% gﬁg\%{eﬁgg ﬁ/@gﬁéféﬁu n%? ds a

by- pr oduct . Clﬂma&mﬂmndedyﬁabe@m’wdwﬂ;@d!ﬁQS a cat al yst pr ecur sor before
being cg cined, anions are believed to be taken in the guest |ayer having
a layered structure 15 (while the host layer is netal hydroxide). As a
result, the anions influence the crystal structure of the catalyst
precursor. Wth respect to the EO adducts obtained in Reaction Exanples 1
to 6 and 11 and Conparative Reaction Exanples 1 to 4, EO adduct

di stribution was mneasured by the HPLC nethod. The results are shown in
Figures 1 to 11. 20 Furthernore, for the purpose of conparing the adduct

di stribution, alkylene oxide addition reaction was carried out using a KOH
catalyst as an alkali catalyst according to the above-nenti oned reaction
eval uation nmethod I . The adduct distribution of the EO adduct obtai ned by
this reaction was neasured in the sane way as nentioned above. The result
i's shown in Figure 12. 25 Furthernore, crystal structure was investigated
for each of the catalysts obtained in Exanples 1, 3 and 4, and Conparative
Exanple 1 by X-ray diffraction. The results are shown in Figs. 13 and 14.
As shown in Fig_ 13, in each of the Exanples, formation of a spinel-type
oxi de conprising al um num



and manganese (MAI9O4) was confirmed. Furthernore, a peak resulting 30
froman oxide with a rock-salt structure (MJO was confirned as well as a
peak* resulting froma spinel-type structure. On the other hand, as shown
in Fig. 14, only a peak resulting froma rock-salt structure of magnesium
oxi de was observed in the Conparative Exanple. Finally, 20tOdtebani2888 st ood
that the invention may be enbodied insother 35 specific forns w thout
departing fromthe spirit or essential characteristics thereof The

enbodi ment s disclosed in this applicatigysare to be considered in 16 20
Oct ober 2003 all respects as illustratrve—and not restrictive, so that the
scope of the invention being indicated by the appended clains rather than

by the fordgoingalitesylntiph inasthod ancluding thleanges anitalyse espwiking £ nidigl

meani ng an n of . equi_val enc f the clai are intepded,t > enbraced
Therei . -5 s ORRRapEls kR UG AfymidimAnd ol S reaeRt Rlsate ErB ng

t he use of chramivahysangamseissidigom inetehlkorylation proteas,Msgn aligrekition

al um num | east one netal selected from chrom um manganese and

iron, in an al'’koxyl ati on process, as an al koxylation catalyst. 2. The
al koxyl ati on nethod according to claim1, wherein the atomc ratio between

magnesi um and Pl Ak FIa@dNn SIRRMB AN bt dihMo tihim 1 Svidiein hd Qﬂﬂ:?iﬁolfatioo' 1to

0.7. 3. The al koxyl ati on net hod according to clajm.1, erern e atom c
ratio bet wB&¥ %@%Waﬁ%‘y WA SheWa Y gjfﬂ\/’lﬁ@/g&m fhe rangeaoft he
range of 0.13ct®M70.6. 4. The al koxyl ati on nmethod according to claim1,
wherein the atomc ratio of the netal selected fromchrom um nanganese
and iron with respect to the total of magnesium alum numand the netal is
in the range dtheoalk®xylation4methodTieoalikgy|ddinni, mitchain tecatodiingatio cl ai m

1, wherei NbbieetEhabn @8l aluminum as shown by AVMg+Al) is in the range of
0.3 to 0.6.

4. - The alkoxylation method according to claim 1, wherein the atomic ratio of
the metal selected from chromium, manganese and iron with respect to the total
of magnesium, aluminum and the metal is in the range of 0.05 to 0.4.

5. The alkoxylation method according to claim 1, wherein the metal oxide is
obtained from a precipitate from a solution including an aluminum compound, a
magnesium compound, and a compound of the metal selected from chromium,
manganese and iron as solutes.

6. The alkoxylation method according to claim 5, wherein the compound of the
metal is at least one selected from a nitrate, an acetate, a sulfate, a chloride, and
a carbonate.

7. The alkoxylation method according to claim 1, wherein the metal oxide
includes a spinel-type structure that contains aluminum and the metal selected
from chromium, manganese and iron.

8. A method for producing an alkylene oxide adduct, which comprises adding
an alkylene oxide to an organic compound in the presence of an alkoxylation
catalyst comprising a metal oxide containing magnesium, aluminum, and at
least one metal selected from chromium, manganese and iron.



obtained froma precipitate froma solution including an al um num conpound,
a magnesi um conpound, and a conpound of the netal selected from chrom um
manganese and iron as solutes. 6. The al koxyl ati on net hod according to
cl'aim5, wherein the conpound of the netal is at |east one selected froma
nitrate, an acetate, a sulfate, a chloride, and a car boR8tctober 2062

al koxyl ati on nethod according to claim1, wherein the netal oxide includes
a spinel-type structure that contains I um numand the netal selected from
chrom um nanganese and iron. 8 A nethod for producing an al kyl ene oxi de

adduct, which gonmprisesg addi an al.kylene oxide, to an .organi ¢ conpound in
the presence o’ﬁlear’fn%quacha’t‘ﬁgﬁ tocﬁ%éﬂ“y?t RESH Ihe gatemie : satioo Rpiyeeen
cont ai ni ng nnagresninm pndalluminumasahdwal by AB@dg+AN 6s edhalraggé 6£0 e¢doHrom
chrom um manganese and iron. 20 Cctober 2003 18 9. The nethod according to

claim8, wherein the atomc ratio between nagnesium and al umi num as shown
by A/ (M+AD) e methed meeyding t0.claimo &). Whetin theeatoriihaditac betwtieng t 0

by A R e B (S S L U AP 0

cl aim8, wherei n the_ atomic ratio of the netal sel ectepl from ch_rom' um
manganese amd Mhelmitholl dR6HieRk 16 ClAMEs! WhateiR the FROBESHAHD oftHEIHAY and

the metal is in,ther e .of 0.05to 0.4..12. The nethod according to claim
8, wher e ns?slﬁgeﬂegﬁlp @ﬁ%&é‘% BEPERNSE RROMTOR Bithcresped: b F}fl%rFPtaHsQfI ution

i ncl udi ng amgalesivinn phumimpaund, the meighesinuite raagpofMads taodd. a conpound of
the netal selected fromchrom um manganese and iron as solutes. 13. The

met hod accordi nﬁ to claim12, wherein the conpound of the netal is at
| east one 33| eEremethahaceording 4o elaimB, adwreingheanstal bxide js ebtairedrfrate, and a

car bonat e. aYfecifiBtdBbRHOs steiBh dhAgdiy £h AlfutBfinkNg éﬂ?%r?ejsit%i de
i ncludes a “spine]-type struct rg t hat™ contal ns al umnum and the net al
sel ect ed fFQfﬂ']EO‘HPAr- &ﬁdtﬁrfmﬁ‘ﬁﬂ‘@%‘ﬁé Eheymptak splected from chromium, manganese

and iron as solutes.

13. The method according to claim 12, wherein the compound of the metal is at
least one selected from a nitrate, an acetate, a sulfate, a chloride, and a
carbonate,

14. The method according to claim 8, wherein the metal oxide includes a
spinel-type structure that contains aluminum and the metal selected from
chromium, manganese and iron.



ALKOXYLATI ON CATALYST AND METHOD FOR PRODUCI NG THE SAME, AND METHOD FOR
PRODUCI NG ALKYLENE OXI DE ADDUCT USI NG THE CATALYST ABSTRACT The present

i nvention provides an al koxylation solid catalyst with which an al kyl ene
oxi de adduct ‘having a narrow adduct distribution can be produced while
inhi biting formation of high nol ecul ar wei ght pol yal kyl eR€ Ogelar@00Bavi ng
a nol ecul ar wei ght of about tens of thgusands as a by-product. The

al koxyl ati on catal yst conprises a netal oxide containing magnesi um

alum num and at |east one netal selected fromthe netals that belong to
group VIA, group VIIA, and group Was a third conponent. The third
conponent AEKEKYERAAGHSCRARALEET YANDr MEGHOPhEORC PROOUSIING [THEt R&MEat al yst

for exanpl e, byanhogfirReparaRt @ho%b‘iﬁehﬁ!k%mgsﬁ'x&%h &meﬁc%tructure Wi th
alumi num (e.g. when the third conponent netal is M, MAI[ERRJJ ERR] is

formed), so that a side reactPﬁﬁNSfTHﬁoFﬁFﬁ&Y§Th|gh mol ecul ar wei ght
pol yal kyl ene glycol is inhibited.

ABSTRACT

The present invention provides an alkoxylation solid catalyst with which
an alkylene oxide adduct having a narrow adduct distribution can be produced A
5  while inhibiting formation of high molecular weight polyalkylene giycol having
a molecular weight of about tens of thousands as a by-product. The
) alkoxylation catalyst comprises a metal oxide containing magnesium,
- aluminum, and at least one metal selected from the metals that belong to group
VIA, group VIA, and group VIl as a third component. The third component
10 metal changes the structure of the active site in the catalyst, for example, by
forming a metal oxide having a spinel-type structure with aluminum (e.g. when
the third component metal is Mn, MnALQ, is formed), so that a side reaction of
forming a high molecular weight polyalkylene glycol is inhibited.

Figure 13

R



