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
invention relates to an al koxyl ati on soli 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 a large
anount of by-product such as di oxane, di oxol ane, or polyethylene glycol is

produced. | BAGKEROVUNDOE THRINVENT®@NI yst strongly corrodes materials
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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



35 narrow adduct distribution uses as a catal yst a nagnesi um oxi de in which
a netal ion such as alumnumis added. It discloses, for exanple, a 2 20
Oct ober 2003 magnesi um oxi de catal yst containing 3 w. % of alum num 2)
Japanese Published Unexam ned Patent Application No. ('Ibkkai hei) 2-
71841: A nethod for producing an al kyl ene oxi de adduct hadidgolzer2808ow 5
adduct distribution with a cal ci ned hydﬁbtalcite as a catalyst is
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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,



wei ght of several tens of thousands that causes particularly difficult
probl enms. 35 Even a trace of high nol ecul ar wei ght polyal kyl ene glycol can
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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



oxi de glycol as a by-product can be inhibited by 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 sj de
reaction. The structure of the active site in the catal ystﬁd@"t@h%@@a, for
exanple, by formng a spinel-type strucfure that includes the third
conponent netal and alum num 5 Thus, by using at |east one of the

catal ysts of the Cgresent invention, it is possible to produce an al kyl ene
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di stribution of an EO adduct obtained according to Reaction Exanple 5

using a catalyst of the present invention. Figure 6 is a graph show ng the
adduct di stB PERCBIPTAONEYF FHEIRAWINGS

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.



obt ai ned according to Reaction Exanple 6 using a catalyst of the present

15 invention. Figure 7 is a graph showi ng the adduct distribution of an EO
adduct obtai ned according to Conparative Reaction Exanple 1. Figure 8 is a
graph showi ng the adduct distribution of an EO adduct obtained accordi ng
to Conparative Reaction Exanple 2. 20 Figure 9 is a grapl2oshdwbargODBe
adduct distribution of an EO adduct obfai ned according to Conparative
Reaction Exanple 3. Figure 10 is a graph show ng the adduct distribution of

an EO adduct opt ai ned.according to Reactian Exanpl e.1l1l using a catalyst of
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adduct  obt ai nex dccording to a reaction exanple using a KOH catal yst.
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hi gh catal ytic Figerq 6 tsya draply shpwing s pddudxigiibution ef apabeaddugto of
each netal bbtatlesic htdeeding 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



10 below. The atom c ratio between nmagnesi um and al um num as shown by

Al (Mg+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 conponent with respect
to the total netals is preferably in the range of 0.05 to 0.4, nore
preferably 0.1 to 15 0.25. If the ampbunt of the third c@mﬂmeﬁsﬁrzosstoo
smal |, the effect of inhibiting formatBon of high nol ecul ar wei ght

pol yal kyl ene gl ycol cannot be obt ained sufficiently. On the other hand, if
t he amount of the third conpon Is excessively large, the catalytic
activity mayn¥etigncsEaREYN. el aflallnygtangﬁn?% %@%%WFI tapesebakinniekel be
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of formt‘)(ﬂp Eﬂgr ecipitate by dropping a mxed aqueous solution containing

c o

net al ¥- of magnesium alumnumand a metal as a third conponent
with a precipi t’Hid ,atednid eatidj betvieny tagnédiom smdt ahimirhen pat ahowihdym xt ure

solution fa [ ' 5
preferable Whﬂﬁglplﬁfe&%aph%rﬁgf%ﬁ%qg&i?}%g @g%@élﬁby Pﬁ{l}% t he range
of 7 to 11, paFhk§ @mr: Irgtig of thenetal fadeled ag gpihavs cmmmneoh wnt?n xespedtdd out at
a pH not 7 2% Q%m@faleg%emra rinm@rﬁb@v(ﬁ‘mﬁd @&eﬂlof'@ﬁﬁﬁer ghsomay be
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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



5 carbonate. Furthernore, in order to maintain the pH within the above-
mentioned range, it is preferable that the precipitant contains a hydroxide
of alkali netal such as sodi um hydroxi de. Fromthe conposite hydroxide
obtained as a precipitate, water soluble salts are renmoved by washing with
water, and then it is dried. Thereafter, it is 10 cal ci 20ddgbdi80Bng at
300 to 1000 "C, preferably at 600 to 906 <C, nore preferably at 700 to 900
9C. Thus, a catalyst of the present invention conprising a conposite oxide
can be obtain he heat| erature h an in nce on the change of
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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



20 Cctober 2003 used. Furthernore, as fatty acid esters, it is preferable
to use those produced by esterifying the above-nentioned fatty acids with
an al cohol of alkyl group having i to 4 carbon atonms (an al kanol having 1
to 4 carbon atons). As fatty amines, it is preferable to use a primary
fatty amne obtainable 5 froma saturated or unsaturat e@0saiahegl2DOZhai n
fatty acid or a conpound in which nitri®te is introduced into corresponding
al i phatic alcohol. Furthernore, as the fatty acid amdes, it is preferable

to use a derivatiye obtainablge by .reaction. betyween a saturated or
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amount of tgycdabatiys anugednags degekeesfailymerigdticro oP@ ot 2,009, eroglycqokf er abl y
.0.05 to 5 Mrbit%i% oﬁhet]ﬂ?e.St arting material such as al cohol 25 The reaction
operation is as_follows. For exanple, starting material such as al cohol
and a catal yst @rdbppthemband.ai the araseniinventioneitsishrreforablecte e ani t r ogen
055 SR e S A ot g e b i
glcj)tng?t i k s-g’ﬁiﬁg%gg?ég%g?haﬁfgg’éﬁﬁﬁg% gﬁﬁe ?’ﬁVFWe?We‘E@E%aﬁ%uct gependi ng
on 30 its use, Ihowevdsllowihg] preformilé wondipnat edrdaction tine theanéthod foroduct
B LS Ml b AT S BT Tl bt 1,
produci ng adesgiikgd.endhe 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,



oxi de adduct using the catalyst of the present invention, an al kyl ene oxide
adduct having a very narrow adduct distribution can be produced nore 35
efficiently with high catalytic activity, with a very small anmount of high
nol ecul ar wei ght pol yet hyl ene glycol forned as a by-product. Particularly,
9 20 October 2003 because formation of high nol ecul ar wei2§iictpmry8b&y| ene
glycol as a by-product is inhibited, tRe efficiency of filtering catalyst
can be inproved, and also the properties (e.g. stability in |ow

tenperature) of a,chenical_  product using {he  obtained al kyl ene oxide
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manganese nitrate exany ate_vvere SSOol v . . ) wat er .
On the ot heexataplgs arsl gpmgaraiver examblesof Theae exeowldsoare dllustagtivi 980l ved

in 450 g of n&kRireaha eHoWRLRY b&%om&a@a%sm%lgtth@pre%ené&vzﬁﬁ 0l utions A and
B were dropped into a catal yst preparation vesse previ ous?y supplied with

1,800 g of deionized water over a period of 1 hour, while naintaining the
pH of 9 w tEBx@2MpMaDH and the tenperature of 40 "C_ After conpleting the

dr oppi the myxed solution was a or ur. . Th not her |iquor was
remF))\F/)legﬁby fil [ﬁrbgglr%ﬁre;Ei"ugso%téorb&gggpga%e(a&@g’ W&thg WWS%‘I‘QOIW%T”( rs of
dei oni zed whexahydrates$it.6Y gd0.18d maid ab@minwh nitraenpoahydraty,dma@4a3 pas
obt ai ned. T, gp)q)s' raxl I . t 0] in a
ni't rogen at@g?ssgﬁere ng%%?%n(r%&lgﬁgﬁ%? h%%@ﬁ?&mm%%%%ﬁeg %xiq%g %ggal yst
(Mg A - MiPpmgedmier O s otbehsad, 18.45¢ (©.128 jmolbe mdamplcartrmmage epar e a
sol ution A wb8dfadolged th 28iPg BPHdiowizedRARESH Proplrt habRiticnagyahydrate, 47.69 g

AL NCE T T MO T VN T Y MO .
On the ot heprehmudly sihplitdgvith. 1200 godf) deidnisall wutercavdean abdod of 1 hour,
while maintaining the pH of 9 with 2N-NaOH and the temperature of 40 .
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 howrs 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



30 was dissolved in 450 g of deionized water to prepare a solution B. After
that, according to the sanme procedure as in Exanple 1, 19 g of a My- Al -M
conposite oxide catalyst (Mg : Al : M (by atomic ratio) = 0.56: 0.26
0.18) was obtained. 35 Exanple 3 To prepare a solution A, 69.68 g (0.272
nol) of magnesiumnitrate 10 20 Cctober 2003 hexahydr at e 2081ctfter@008. 163
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solution A Exfmdfe g (0.223 nol) of magnesiumnitrate hexahydrate, 50.06 g
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0. 20) 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)



was obtai ned. Exanple 6 30 To prepare a solution A, 68.03 g (0.265 nol) of
magnesi um nitrate hexahydrate, 47.69 g (0.127 nol) of alumnumnitrate
nonahydrate, and 21.35 g (0.085 nol) of ferrous chloride tetrahydrate were
di ssolved in 450 g of deionized water. On the other hand, 13.47 g (0.127
nol ) of sodium carbonate was dissolved in 450 g of dei oi0Zedlolwmt2003t o
prepare a solution B. 35 After that, ackbrding to the same procedure as in
Exanple 1, 18 g of a Myj- Al -Fe conposite oxide catalyst (My : Al : Fe (by
atom c ratr(&g =b0; 6 0.26: 0.18) 11 was obtained. 20 Cct ober 2003 Exanpl e
7 Fol | owi ng “i#i&® pr ocedure as in Exanple 1 except that 16.82 g (0.085
5 nol) of manganese chloride tetrahydrate was used as the manganese salt,

19 g of aMcomosite oxi de catalyst (My : Al : M (by atonmic
ratio) = 0. 6: 0.18) was obtained. Exanple 10 Follow ng the sane

procedure as i nf Mgéhasme @pocetihet a2t EQampledl 88&phbhit 16. Sﬁgr(ga]&ése
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except that 0267%0. m)%s%%éml) of manganese carbonate was used as the
manganese salt, 19 g of a My-Al - M conposite oxide catalyst (Mg : Al : M
(by atomc ratlo) 0.56 :'0.26: 0.18) was obtained. 20 Exanple 10 To

prepare a sﬁgam'p@l&A 317.48 g (1.24 nol) of nmagnesiumnitrate :
hexahy te 22 nmol ) ,of al u numnpijrate at nd 96.9
0G0 B ot tofl e G BBk e &% PLRDURRIELL 28 BRUSH 18 GneB00 o o
25 dei oni zem fanangameshsulfitth pentediydratedv8Suspd(43. the 3namggnesé salvdluim
car bonate  of 3 Mg-Al-Mn composite oxide catalyst (Mg : Al : Mn (by atomic ratio) = 0.56 :

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).



was di ssolved in 500 g of deionized water to prepare a solution B. The
solutions A and B were dropped into a catal yst preparation vessel
previously supplied with 480 g of deionized water over a period of 1 hour,
while maintaining the pHof 9 with IONNaCH and the tenperature of 70 "C.
After 30 conpleting the dropping step, L?e m xt ur e sol ut i200meiseraged for |
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di ssolved in %ggpr%of dei oni zed water to prepare a solution B. After that,

fol |l owi ng tﬁ‘é1 procedure as in Exanple 1, 17 g of a My-Al conposite
oxi de catal yst Afthr that, bﬂywﬁtgdﬂiie@aﬁﬁt;b@ed%r@a§5ﬁEx@n&ﬂél)l Wag oflatiindd. 10
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manuf actured by Kyowa Chem cal Industry) was calcined in a nitrogen

at nosphgge &@%Qﬁﬁ!%m%aé?urs and 16 g of My-Al conposite oxide
cat al yst waS obt al ne nparative Examle 3 25 of hydrotalcite with a
cheni cal conpos?? EdH alyninge magrgsyurs dudroppgewithcy rcegpepisionspt

tradenark) SGMs@MEQSTHE (KYGWM@ gﬁte@ea tradeaiady \BoOV@anafilcaiRad in a

nitrogen at her e 50 osite
oxi oo cat al R IORE ChtarAb i) FeR sthied i A Eirolsn ArnSHe B8O e 1 to
10 and Conpﬂ:rrﬂhcwe's dndattpg eMi-Alaofipoaitk ykidn eatadystl evaadbidinod reacti ons were
carriedygut according to

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 [



the reaction evaluation nethod | as described bel ow. The reactions are 25
referred to as Reaction Exanples 1 to 10 and Conparative Reaction Exanple 1
to 3, respectively. Furthernore, the catalytic activity and the amount of
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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 %.
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Conpar at i ve 37| Catalyst of Ex. 3 86 0.09
4 | Catalystof Ex. 4 34 0.05
5 | Catalystof Ex. 5 36 0.16
6 | Catalystof Ex. 6 3.0 0.20
7 | catalyst of Ex. 7 6.1 0.05
8 | Catalyst of Ex. 8 45 0.02
? Catalyst of 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




Reaction Exanple 1Catal yst of5.70.53 Conp. Ex. 1 2Catal yst of4.80.60 Canp.
Ex. 2 3Catalyst of6.71.10 Conp. Ex. 3 5 Table 2 Reaction Exanple 11 and
Conpar ati ve Reaction Exanple 4. Conposite OxideCatalytic ActivityAmunt of
Hi gh Mol ecul ar Catal yst(g-EQ (mn g-cat))Wight PEG Fornmed as By- product
(Wm. % Reaction Exanple 11Catal yst of Eg( 12.70. 06 - --- 20rQgteber 2083 -

O C Y - i e

R i onCat al f Ex 0. .28 ;15 t ober
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wei ght pol ymdhdLMengg%@@lolmshjdemwgbpddaﬂ:a biysprodrithis tinbiibitied rwhisi nsingt he
catal yst of gfdig,pr y%ggﬁ]he PRESEH BOen i lelﬂta]ﬂgc &) Wi\ tca‘e 258 | yst of

Exanpl e 1 containi'n e anount o ar wel ethyl ene 5

gl ycol for mEganyple, 1ggnisinmgdin; §h€dém0@a§e htgbmbbgwlameelgletnmiyethﬁlemount of
that fog ”eélyébltfﬁrﬂlélfa§§%§lp‘t§&u&ﬁs §orpakaih Hﬁo%@%&hjthe%&ﬁlt%ﬂxaw epar ed

cont | 1moq  REFEhB LA jtaStcal APYORTHEre FRRSE do WHEBOVAF HECBAedhe {ype

of the star amgdmgmgamﬁgn@pfdcedlﬁ@rbxﬁmm Mnlo acet at e | s preferable

Fahibi t1 ng-f or neRTBRPe o R PRl gﬂéﬁhﬁ’m ”%%%98# FieBHE 15 i ffmesd’
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
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As a result, the anions influence the crystal structure of the catal yst
precursor. Wth respect to the EO adducts obtai ned i n Red0tQarbeERa0Pl es 1
to 6 and 11 and Conparative Reaction E%%nples 1 to 4, EO adduct

di stribution was neasured by the HPLC nethod. The results are shown in
Figures 1 to,11. 20 Furtherpore, .foy the purposge conpar.i ng.the adduct

i Strbuti ofl taimep R R R kot pircaebes B adbe SR AR IR eEDHg  KoH
cat al yst asbamgahéiahtied byahabyséndedatamidisnrgtier thine bablow fregomhg devetiptieact i on
eval uati on gl i k t adduct oht ai ned by
this reactigﬁ&aggh%%%?ureah?%ggtlgﬂézh%hggbhggnﬁ%%¥£§ﬁgga%%%@ggyqﬁ%eresult

i s shown i nclAims pre pended tebe emdbraeaddheminst al structure was i nvesti gat ed
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 alum num and nmanganese ( MnAI 9O4) was confirnmed.
Furthernore, a peak resulting 30 froman oxide with a rock-salt structure
(MO 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 nmagnesi um oxi de was observed in the
Conparative Exanple. Finally, it is understood that the invention may be
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essential characteristics thereof. The enbodi nents disclosed in this
application are to be considered in 16 20 Cctober 2003 all respects as
illustrative and not restrictive, so that the scope of the invention being
i ndi cated by the appended cl ains rather than by the foregoing description,
and all changes which conme within the neaning and range of equival ency of
the clains are intended to be enbraced therein. 5 20 Cctober 2003



17 CLAIMS 1. An al koxyl ation method including the use of a catalyst
conprising a metal oxide containing magnesi um al umi num and at | east one
netal selected from chrom um nanganese and iron, in an al koxyl ation
process, as an al koxylation catalyst. 2. The al koxyl ati on nmet hod accordi ng
to claim1, wherein the atomc ratio between magnesi um 20dcddhen2008n as
shown by Al/(My +Al) is in the ranggsof 0.1 to 0.7. 3. The al koxyl ation
met hod according to claim1l, wherein the atomic ratio between nmagnesi um
and al um num as shown by Al/(M+Al) the range of 0.3 to 0.6. 4. The
al koxyl ati on net hod according to cla%%erel n the atomc ratio of the
netal selected fromchrom um nanganese and iron with respect to the total
of magnesi um Aal aﬂﬂrbmlmaﬂdnéthed mﬁélaﬂlngstheméehﬁ" armgﬁst)f:o&pﬁ&ntgoa Ghedal 5. The

al koxyl ati d_accor in.the ne X

obt ai ned f%%lr#gctoﬁl LR %1 agu%lblf’%tpr 8R4 i3k g??ﬁﬁ WG Iaﬁ&’iﬁﬁfﬁ I"F‘gln#l@?}n'pound
a nagnesi alﬁammm,LmdngMealmiammunmmaﬂmhﬂamnqhomt et &l allioapiativhom um
nmanganese &, d;on as solutes. 6. The al koxyl ation nmethod according to
claimb5, whereil n the conpound of the netal is at |east one selected froma
nitrate, an acetate, a sulfate, a chloride, and a carbonate. 7. The

al koxyl ati on et akoRRehAi et &éc@idlh% to"@ﬁh?'ln V&H@eﬁﬁﬁé tioncl udes
a spinel-type structure that contains a &%the rreta se at from
chrom um REMEETeRasHeAD, 3l almimur a8 & O‘fVBr Vp‘gg gAY 1am éhﬂ‘(ijﬂlwfom de

adduct , vvh()(:‘lhtodb?rprl ses adding an al kyl ene oxide to an organi c conpound in
the presence of an al koxylation catalyst conprising a netal oxide

contai ni ng magnesi um al um num and at |east one netal selected from
chr omi um Ban%&meslémwiatlbnanetk@ﬁ Qcoabeg t30dEml 8, SrheThia thet Adniaqacivdi ng to

claims, wj IR I&lggn%ﬁ&@ dnd Qﬂ%rx?ibll&%; %égogﬁ%@%ﬁa\!fé’l&ﬂqs al PHB%F shown

by AI/(I\/g+0 |S|n range o

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.



10. The nmet hod according to claim8, wherein the atomc ratio between
magnesi um and al um num as shown by A /(Mg+Al) is in the range of 0.3 to
0.6. 11. The nmethod according to claim8, wherein the atomc ratio of the
nmetal selected fromchrom um mnanganese and iron with respect to the total
of magnesium alum numand the netal is in the range of 20.(@%okey 2003, 12.
The met hod according to claim8, wherein the netal oxide is obtained from
a precipitate froma solution including an al um num conpound, a nmagnesi um
conmpound, and a conpound of the netal selected fromchrom um nanganese
and iron asg solutes. . 13. The,.nethod accqrding to claim 12, wherein the
conmpound of"th erré{lpaqhogsacé;f’rdlflga?[ clipa Se ERgEm ftF‘8n‘7‘t<9EHFtlfaé’£°e, el¥eeRcet at e,
a sul f at e, magriesdirh ded sAmtimamcarshonat s AlMeHAR iskt thed-aages of ditng ot cl ai m
8, wherein the netal oxide includes a spinel-type structure that contains

al um num and the netal selected from chronmium manganese and iron.
ALKOXYLATI @R CAhal ¥@thoNpnERHIED t¢QRIRREDUChHIGIT Hite SAtdic KD bEreR FOR

mvont 1 on SOt gaes AT aho b b RN LR ] e 03 B e e

oxi de adduct having a narrow adduct distribution can be produced while
i nhi bi ting1for ki@l dcallin®heellimr 8 WeheRtin RBL YabkYd £15 oStNCRltdavi ng

a nol ecul ar i ght of .about tens of thousgnds as. a by-product. The

21 Koxyl at | B51°8H org; AR, ST aR2Erss 2541 Hen CERATRPHG R de ot of

al um num angnesiuneadtmomemmeidalhesabéiad icioh theaamghef Oobab 6.4 hat bel ong to
group VIA group VIITA, and group Was a third conponent. The third
conponent netal changes the structure of the active site in the catalyst,
for exanpl 2. phhe mtlig@dw@ccardmgm clain e wheveingha nsetiahetide ypebtaimeddrame wi t h
al um num (g Gecipfteft frbRCa sGutdn GRARANE An MBLAIndR C%Hl oA {1%&5?5 IS

forned), so tha side reaction_of formng a_hi I"'ecu
pol yal ?<y| ef:,cgngjq)vggaqua compprnd gf &e metal selgcted fro?n 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.





