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ALKo~oN ~,1~ '~on re>:& PRonUCJNa' ~ 
SAME AND. METHOD~'FQR-PRODuCING. ALK'YLENE' OXIDE

1 

ADDUCT 
· . ) . • ~: ~ . I I : t}·. . 

USING THE CATALYST ,~ 
I; 

5 FIELD. OF THE JNYENTI~ . (' · 
· Th~ present :inven~n ~~~s t.o ~ alkoxy18itio~ catalyst and a me~ for .. • • .• • . . • . • . . . r 

producing the same. and a~~ Ji?f"P~~g analky~ne··~:adduct using 
the catalyst. More particularly, the .\nventio!l relates. t.o an alkoxylation solid . :· , . 
cat.alyst comprising a metal oxide, ~ t.o a method for producing an alkylene 

.10 oxide adduct that is useful as a chemiCal material for a surfactant or the like. 
! ~~1: 

• \ f )".: 
... J. 

BACKGROUND OF;THE INVENTION. 
· A compound in :which·~ ·alky~ne oxide is added tiQ an organic· compound 

h~ving· an active hydrogen or to an ester is widely ueed as a chemical µia_terial 
15 for sudactantst solvents, .pr the like. Particularly, those · obtained by 

I • I • • • • 

polyalkoxylating al~hol, fatty'aci<L.fattY acid ester. ami_ne, alkyl.phenol, or the 

~with-an alkylene oxide such as ~tl,lYlene'o~de or propylene oxide have been 

utilized as nonionic surfactants in a w;ide range Of applicatfun. 

As such an alkylene o~~:·~Q.d~~~'.~lhaving a~ adduct distribution 
20 has :many advantages, e.g~ ·high ~~ability, ·as compared with· one. having a 

wide adduct distributiDn. As a met~d for obtaining an alkylene :oxide adduct 

having ·a narrow adduct di.Sttjbutio~i those using a halide catalyst such as a 
. I : 

halide of boron, tin, :antimo~y, iron, or aluminum, or an acid catalyst such as 

phosphoric acid or sulfuric acid are well known. However, in s:uch a method 
25 using an acid catalyst, s~ently narrow adduct distribution cannot be 

obtained, and a large amo~t of by-~rodu.ct such as dioxane, dioxolane, or 

polyethylene glycol is produced. ~ni~ddition, such an acid catalyst strongly 

corrodes materials of equipment, , ,; : 

.Accordingly, as a solld catalyst;~;ro~ producing an alkylene oxide adduct 

. 30 . having a narrow adduct distriburon•·ffe following oomposite oxides have been 
proposed. . , :: . 

1) Japa~~e. fublished Upexamhled Pat.ent A;t>plication No. (lbkkai hei) 1-

16+4~7:· A metboq. ~~ :p:f?du~ ~ aJkrlene oxide adduct. having a 
35 narrow adduct clistributjo~ !uses aa a catalyst a magnesium oxide in which 

a metal ion ~uch as aluminum .i~i added. It disclosest for example, a 
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xq.ape$ium oxi4e catalyst contaµUng 3 wtr % of aluminum. 
rt I f I f : t 

Ii , I C. •• ·: ' ' , • l 1 I . • . . I I I l ' . I 

2) Jap~ Publi~hed U~exsnllipe,d .~atent ~plication No .. ~kkai ~f) 2-
. 

1 
· :7~81~: .1~th~ forprodu~ an·:~le~ ~de ad~uct havi~ ~·~w 
addUct distribution with a ~~d hydrot:alcit.e· as ·a1 catalyst is disclosed. 
Th~ calc:i:ned hydrotalcite can . be; obtained hr. caJCining a natural or 
synthetic hydrot;Ucite. . . 

3) Jap~se Published U~~in,ed: Pa.tent Apptlca~ No. (Ibkkai hei) 7 ~ 
10 227?f>~. A. ~~tf~. ~-.~tW:\Wff.,~ .~~ne ~e. ~~t 'Yit4 a 

magnesium oxi(le contaunng ZUlC, antimony, tin, or the like as a catalyst, 
' • I • • • 

in which generation o~ a by-p1uduct U>oJrethYlene glycol) is inhibit.ed, is 
disclosed. By using the Mg-~, Mg-Sb or Mg-Sn composite oxide catalyst, 
the ~unt of polyetby--.~l formed as a by-product can be reduced, 

15 although the cat.alfclc ~vity: in~y be decreased as compared with a case 

20 

uSing a magnesi\llll·oxide cata.IYst in which aluminum is added. However,· 
:. the'· effect of inhibiting PolYethYl~µe glycol formatioll is still insufficient. 

; 

4) Japanese Published U~exa~,4 Patent Application No. ('lbkkai.'110.i) 8~ 
26~~~9; A method fo~ prod~.ng an ~len~ OOrlde a#uct having a . . t., . . 
narrow ad.du.Ct 

1
distribqtion use.~. as. a catalyst an Al-Mg oomposite oxide 

which is obtained by calcining).tl~~ Dtagnesi\lm hydroxide. 

An alkylene mµd.e adQ.uct obtained usllig_ each of the above-mentioned 
25 ~~talysts has a narrower adduct dicsti:J,bution than that obtained with an acid 

c;:aialyst. ·Moreover, generation llf.;~ .. hr-product such as dioxane can be 
inhibited. P~hr, a composit.e:;gxide of magnesium and aluminum has a 
hl9h .ac?~ty. How~ver, the comp~fu oxide c;atalyst cannot inhibit formation 
of· polyalkylene glycol as p, by·p~p.ct. Japanese Published Unexamined 

30 Pat.ent Application No. ('lbkkai hei) ·: 7-227540 discloses a catalyst capable of 
reducing the amoun~ of p~alkylenejglycol formed as a hr-product. However, 
the effect of inhibiting pplyethylene glycol formation is still insufficient. 
Moreover, it is a high molecular woight polyalkylene glycol with a mo10cular 
weight of several te~s of th9usands .that ~uses particularly difficult problems. 

35 Even a tr~~ of high molec\Jlar we~gh~ ·polyalkylene glycol can cause problems 
in polyalkoxylating. For example, :y;emoving catalystS may become difficult, ., : 
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and _the ~tab~ir· of a !'~~~~- C9~¥,~g. ~ .alkylene oxide ~dduct may be 
requce4- Moreover\ a. catilyst fur prOducing an alk:ylene oxide fl4duct is 
~~~1~ha~~s~nt,cata~~vityllipra~~.' ., · ·. i! · 

5 .s~"OFTHEI~ON ... t; ·'. 
· Ac00rdingly, it ¥; an obj~ .of tw,r p~t inventlo~· ~ p~vi.de ·a cataJ:rst 

wt~ w~ an alkylene oxide adduct•havin.g a narrow adciuct distribution.Can 
b0 produced ·more· advantageously frq:m, an industrial standpoint and a· method 

t . . • . 

fof: producing the same, -and 8: method for producing an alkylene oxide addUct 
10 using the cataly$t. Particlllarly; it is· an object of the present invention· t.o 

p.rQ~e a catalist with which an alkyle~ oxide adduct having a narrow adduct 
distribution can be prod~d efficiently while inhibiting ·formation of high 

m.olecula~ weight polyalkyle:n,e W~· : .. ·· 
As a result of earnest\~se8lcll with respect t.o an alkoxylation catalyst 

~ .. 
. 15 suitable for production ·of an alkylene oxide adduct havin~ a narrow adduct 

distribution, the inventors ~ave fo~d that it is possible to: achieve bOth 'high 

catalYtic activity and -inhibition of high molecu]Jµo weight 'polyalkylene glycol 
. . . . I 

formation with a catalyst preJ>aredJ:?Y ·addin~ a particlilar metal to a Mg-Al 
composite oxide. . · •t 

20 · Th~ a fu'st alkoxyla~ion cataJr.st of the present invention comprises a 

metal oxide containing magnesium, 81.um.inum, and at least one metal selected 
from t4e metals t~t belong-~to group· VIA, group VJI.A, and group vm. 

The ab0ve·mentj.oned metal add~d t.o the Mg-Al composite oxide is select:ed 
from· those elements that -~long to .group VIA (chrOmium, molybdenwn, and 

25 tungsten). group VD'A (m~P'ne~; ~1netium, . 8J1d 'rhenium), and liroup VJI( 

(i;'on, cobalt, . nickel, ruthenium, r~.9J.um, ·palladium, osmium; iridium, and 
platinum) in the pe~dic ta~le accorqt~g to a subgroup syst.em. 

The alkoxylation catalyst of~ present it\vention is obtained by adding 
the metaJ as a third component;. t.o Mg-Al composite oxide containing 

30 simultaneously a basic si~,of an 0.'tygen at.om adjaoont to a magnesium at.om 
for .activating an oryanic co~po~nd ~aying an active hydrogen, and an acidic 
sit.e of an ahnninwn atom for~ ac~ivating an alkyleno qxide. Mg·Al composite 
~de has been oonventio~lly uti~1.e4; and it is a highly active catal,yst with 

I :. . 

.which an alkylene oxide ~4duct ha~Jp.g a narrow adduct distribution can be 
35 _produced. ·Moreover, ~ding~ #.ie ·present invention; formation of high 

molecuiar·weight polya]k,y~ne oxide ,iiyc0l as a by-product can be inhibited by 
··. . 

... 
•. ~·: 
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t~ t¥~ ~mpozrttr· ~ ~ :~~~ t?., a44i~~ of the metal ~s a tfifd 
oo~pon~~t causes a· ~~al ~ ·ni· the active ~~ of the sid~ re~cfi.9n~ 
The structure of the active site ~ the. catalYst is changed, for example> by 

fo~~ a spinel-typ:e ·struc~fu!e~tha~~Udes the ~ ~?D.ponent metal and 
5 alwninUm. f ;:.,: I ' \ i • ' 

A second alkoxylation catalyst Qf'. the present invention comprises a ~etal 
. . . . . 

oxide cont.aining maynesi~ ~uminqm, an~ M (Mis at least one seJ.ect;ed from 

the metal elements other -~ magnesium and aluminum). The metal oxide 

mcludes a spinel-type structure that contains aluminum and M. 
10 The metaI oxide having the spinel-type stru.cl;ure is represented, for 

~ample, by a chemical formula MA12Q4• The metals belonging t;o groups VIA, . . : . 

~ or VJll can be emJtl?ye? as :M, ~ .. ~ it is not· particular?' limited. 'fWo or 
more types of elements also may be ~d as M. 

',l"he presence ·of the· aboVe·~~ntioned spinel-type ·structure can be 

15 ~ed by X·r~y diffractiop .~#sis~ It is preferable tha~ ·the ~talyst 
includes an oxide in which ~n X-ray;~action peak resulting from a rock-salt 
structure of a m~um ~de is obs,erved.~ w~ll as an X-ray diffraction peak 

resultillr from· a sj>inel st~re. 
Thus, by using at leas~ o~ of the ~t.alrsts of the present invention,· it is 

20 possible to produ~ an 8lkylene oxifle ad~'.'ict having a narrow adduct 
distribution efficiently, while lnhibi~ formation of high molecular weight 

po~lene glycol as. a by~p:rOduCt .. ,~.Furthermore, the method for produci~g 
. .. 4..:i' .. • . I 

·an alkylene oxide adduct according t~t the p:esent :invention comprises .ad.dlng 
. . ''"" 

an alkylene oxide t.o an organic compPund m the presence of the alkoxylation 
25 catalyst of the present invention. '? · 

Furthermore, the method fW-' producing an alkoxylation catalyst 

comprising a metal oxide aceor~~ ~:~present invention comprises: forming 
a :precipitat.e oontaining· el~mentS of magnesium, ~uminum, and at least one 

element selected from the metal elements belo~ t.o groups VIA. VIlAt and 
30 VJJJ from a mixed aqueous ~lution cont;aining the elements; and burning the 

precipitat.e at a tem.P.erature a; 300 to .. lOOO "C so as to obtain the metal oxide. . . . 

BRIEF DESCRIPTION OF THE D~WINGS 
Figure 1 is a graph showing the adduct ·distribution of an EO adduct 

35 obtained according ~ . Reacti.On Ex~ple i ~'g a catalyst of the p~sent 
invention. 

·1~ 
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Figure . 2 1' a· ~aph s}lowing. tJ.ie adduct· distno~tion of ~n EO addu~ 
~b~1 1acco~g r ~~~!~~pl~ 2 ~~a ~~rst of°the p~nt 
J.µVent10g. . ; . , . .,: · . . 

• . t , I f "l . : ~"' I 

Figure ·a·is a: graph showing the adduct'distribution of an EO adduct 
5 obt~4 a~din1t to Jte~11·'~r' ~·· ~ ~ing fl ~st of ~· Presell-t . . ., ; r~:,,1'l_;npf[f'r1 11t1!'· 1 • .• .: 1· lJlVention. , ' · · · · · · · · '" : . 

Figure 4 is a ~ph showing the ·adduct distribution of an EO adduct 
o~ttµned according to Reaqtion Example 4 using a catalyst of the ·p~nt 

' . i . . . 
~vention. · · · 

10 · Figure 5 is a graph showing t)ie adduct distribution of an EO adduct 
obtained; a~ding t.o · .Rea.¢ion Ex~ple 5 Using a catalyst of the' presenf 

• • J I 

invention. t. , . 

Figure 6 is a graph showing t;Jie. adduct· distribution of an EO adduct 
o~t~ed a~ t.o ~~n, Example ~. ~ a catalyst of the present 

15 in,vention. . · 

Figure 7· is a graph showing the adduct distnoution of an EO adduct 

obt~e~1~cling~ ~f~~~~~~~?ri~~mp~ 1. ~ : 
Fi~ 8 is a Fai>h s~ :~ ·adquct· distribution of an EO adduct 

obtained· according t.o Comparative. ~ctioii Example 2. 
20 ·Figure 9 is a . graph showing the adduct distribution of an' EO ad.duct; . . ; __ . 

obtained accordingt.o Com,parative ~~~Example 3. . 1 . ; 
Figure 10 i$. a graph showing.~ adduct distribution of an EO adduct 

' '· ~· 
obtained according to· Reac,tion Exajpple 11 using a catalyst of the present 
Uivention. . . . · " · 

25 Fi~ 11 is ·a graph showing the addu~ distribution of an EO adduct 
obtained according to Com.p~ative Reac,tion Example ·4. 

Figure 12 is a graph ~bowing ~e adduct distribution of an EO adduct 
obtained according to a reaction e~~p,le using a KOH catalyst. . 

Figure t3 shows X-ray r ditrrai.tion · patt.0rns ~f· catalysts obtained in 
30 ~amples 1, 3 and 4. · \· 

Figure 14 shows an X-ray ~~tion patt.ern of a conventional catalyst 
obtained in Comparative~~?~ ~~. 

·, 

DETAILED·DESCRIPrION OF THE INVENTION . . . . . 

35 The catalyst of the p~~t ~V~!lti<:>n will be described in detail as follo~s. 
' • ti J, t 11. • i '· · ·I " 

As ~e metal of the .. third oomponent' in the catalyst of the present 

.. ~ 
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invention, chromium, molybdenum, manganese, mchnetium.j 'iron; cobalt~ ·nickel, 
. 1 I .... :. .. I . . • . t ~ . . I I 

or ruthenium. is·fre~rably' used. . More prefura~ly, cllloririum, ·manganese or 
ir?~ is ~d, ·and particularly p~fer~l?lr ~se'l8 used. A comb~tion of 
at ;lea.st1 two of the abOve;.m:entioned 'metals'ina.y1 be also used as the' third 

' . . .. · .. •.· . . .' 
5 component. 1 • ·, • • • 

In~ catalyst of the prese~t ~~tion~ ~is preferable 1Jiat the ratio of each 

metal i~ witlUn a r~ ~Vl~9 '9f:1~i~ ~ <>(hi~ mo}e~~ 
w~i~t poiyalkylene glyool 1~ 1 a. by'."~uct~ while maintaining high 'catalytic 
activity of Mg.Al composite oxide. 4,preferable ratio of each metal is described 

10 below. . . : 

Th0 aromic ratio between magnesium and aluminwn as shown by 
. ' . : 

Al/(Mg+Al> is preferably in the· range o~ 0.1 t.o 0.7, mare preferably 0.3 to 0.6. 
The atomic ratio of~ metal adde~ as a third oomponent with respect to 

the t.otal metals is preferably in the ranie of 0.05 t.o 0.4, more preferably 0.1 to 
15 0.25. If the amount of the third COI~p,oJ,tent is too small, th~' effect of :inhibiting 

~atiop of high. inolecular w~gh~~polyalkylene ~yool Cannot b~ ob~ed 
sufficien~Jy. On the other.. hand, it>the amount of the third oomponent' is 

~ssively large, tlie catal~.ac:tivi~ niay be .decreased. 
4 I 0 I • • , ~ • .. : • ' t ' 

The catalyst of the present· itl~I,ltion can be o~tained by a known method 
. ' . , ·:;t 

20 for preparing a multi-element cpmposite oxide, .for eXaniplet by the 
:hnpregnation method or ooprecipiµ1tion method. A process of preparing the 

catalyst of the pre~nt invention by the coprecipitation method is herein 

described~ \ 
~rding t.o the copt~cipita.tion. '°='etbod, first a mixed aqueous solution 

25 ·containing a pietal compoqn(\.s~ f$ ·1Uttate1 sulfat.e, (:arbonate, acetate, or 
I .. , .~ .r l.·· •~·'I. . ! . . t I ' 

cl$>ride of each metal is prepared; ~d 'a 'precipitant is added to the aqueous 

. So~ution. The vrecipitate optained by the addition of the J>recipitant is treated 

by washing with w~mr, drying, ·~1~~ or the like so ~s t.o fbrm a catalyst 
comprising a oomposite oxide. . . , ! 

30 A ~articular e~ample ~pplying-'_ihe coprecipitation ~ethod to the present 
invention ·is a method of ~rming a. precifitat.e .by ·droppfu.T a mixed aqueous 

SC?lutio~ containing me~l compounds of mJignesiu~ aluminum and a Uletal as 
a third component with a p~pit.ant, while ac\Justing the· flow so that the pH of 
the mixture solution falls in 8t p~~rmin~ range. In thiS example, it is 

35 prefer~lc that the pH of the mi:i.ture: ~~Iufu>~ is
0 

adjust.ad Within thei range of 7 

to 11, particularly 8 to 10. If the epprecipitation is carried out at a pH not 
~ ' ' . ~··. . ' 

i '. I . i' 
' 

•• 1 . ... 
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-wlthin -~ ·a~e·m~ntiOn~~ .fan~~ ~e~s ~ar be--eiU:t.ed. :rtius, an oxid~ 
-~ueys~ havinr ~sired com~o~W»t.'Wd crrstal structtlf0 ~ay·not_be obtained. 
P~fe~ble examp~s ot t~ · pre~~~t •are · aJkaline ; aqueous solutionst 
pai1;icidarly 81b1;ine aqueous soluti~~ con~ a cai'bOnat.e such as sodium 

5 carbonate. ~ Furthermore, in· order-~·t.o · mmntain the ·pH within the above .. 
: • : . . I 4 • • • . ~ I . 

~ntioned range, it ,is preferable th~~ the· precipitant contains a hydroxide of 
alkali metal such as sodimn ·pydroxicie. 

From the composj.t.e hy<ho*4e' obt;ajp.ed as a precipitate, wat.er soluble 
· : I. . ~ r · • 

salts are removed by·washllig with water, and then it is dried. Thereafter, it is 
10 · _calcined l?r heating at 300 t.o 1000 °q, preferably at 600 to 900 t, more 

preferably at 700 t.o 900 °C. Th~. a catalyst of the present inve:qtion 
comprising a compoSit.e oxide cim· OO.~pbt.ained. The heating temperature has 
an influence on the change· of the stir.ucture of the active site in the catalyst. 
When the heating temperature is toot~ow. the third component and aluminum 

15 may not form a spine! structure, so tPat the actiye ~t.e in ·the, catalyst' may not 
l>e. chan~d a~equat:f~y.. On the o~,f hand, when the heating temperature is 
t.oo high, sintering is facilita:ted and ~urface area is decreased, so that ·catalytic 
activity. ma.Y be decreased. 

' Next, ·an orga~ compo~d to whi~ alkylene oxide is added using a 
20 catalyst. of the present ~ve~tio~ wiµ be ~~·. Such an o~anic compound 

is pot particularly limit.ed; as long as'D;~an be alkoxylat.ed, but particularly used 
is an organic compound . liaving ~ ·active hydrogen or an est.er. More 
·p~rly, alco~, phenOls, fatty ft#ds, fatty acid esters, fa.tty amines, fatty 

. . ¥ 
acid amides, polycils, or a mixture ~toot are suitably used. 'fypical examples 

. . ~ 

25 of them are illustra~d in ~-Mio~, 
' As alcohols, it .i,s preferable t~ ~e a saturated or unsaturat.ed primary or 

secondary alcohol l\aving 2 t.o 30 carbo~ atoms, more preferably a primary . . • 'i' ; !. . . 
alcohol having 4 t;o 24 carbon atoms. particularly preferably a priinaiy alcohol 
having 6 to 24 carbon at.om~. Fmthermore, as phenols, it is preferable to use 

30 · mono-, di-, or trialk.ylphenol, particularly a compound having 4 to 12 carbon 
. atoms ill· an alkyl group. 

As ·fatty acids,. a fatty acid l·a~ 8 t.o 22 carbon at.oms, for example, a 
• ·' l '·"t' ' 

satura~d or unsaturat.eq straig~~~cliain ta~y ~cid obup.nable by fat 
~~m:pOSition of coconut oili palm oil!.P,alm lcernel oil, soybean oil, sunflower oil, 

• I JI , .1 I " 

3'5 ral>eseed oil~ fish fat. or th~ like (e.~~.caprylic acid, n-capric acid, lauri.C acid, 
JU¥ristic acid, oleic ~d. or st.earic ~d), or ~ mixture thereof preferably can be 

.. t. 
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used. ~rm~1 as~~ aci~ ~s~rs,· it is p~fe~ble t.o' use those Pf?d~d 
by.·~s~ au: arve~~tto11ed ~~ty ~~ with ~ at-oho! of alkyl. group 
having 1to4 carbon at.oms (an alkanol,havmg l to 4 carbon at.oms). 

4·' • • :'"J....,r · ·1 • 

· As f.atty amines, it is preferab~-::t.o use ·~ primary' fatty amine obtainable 
from· a ~turated or· unsa~d ;s~1ilghkhain· fatty acid .or a· comP<>und in 

. I . . , . . ' . . :~. . - . 

wlllch ·nitrile is introduced int.o ~.Spond:illg aliphatic alcohol. Furthermore, 
I . 

as the fatty acid amides, it is preferable to ·use a derivative obtainable by 
reaction between a sa~a~d or unsaturated straight.chain fatty acid and 

. . . 
ammonia or primary: fatty amine. 

10 As the polyols, it iS preferable.t.o use polyethylene glycol or polypropylene 
glycol having an av~rage de~~.~ ·p<>l~~~ion of 2 t.o 2,000, or glymrol, 
sorbit.ol, or the like. · · •. 

On the other hand, ill the preS,ent invention, it is preferable t.o use· an 
alkylene oxide having 2- t:o 8 carbo~'. at.oms~ particularly preferably ethylene 

15 o~de, propylene oxide, or butylen~ o~de having 2 to 4 carbon atoms. 
. · In 1

the followfug, preferabl~ 1conditions :of ~aCtioxi in the method for 
.· .. • • ! 

·producing an aJkYlene oxide adduct according t.o the present invention will be 
· described. The reaction t.empe:ratlll'Q is preferably 80 t.o 230 t , more 
p~ferably 120 to 200 t, nj~st preferably 160 to 1so' t: Afthough-the reaction 

20 press~ also depends o~ the reactip_n temperature, it is preferably 0 to 20 atm, 
more preferably 2 to 8 atm. 1 Althoug_Jl it also de~ on.the molar ratio of the 
alkylene oxide and the starting ma~ provided in the· reaction, usually ·the 
amount of the catalyst used is prefer~!>ly 0.01 to 20 wt. %, more preferably 0.05 
to 5 wt. %, of the starting material st\ai as. ~hol. 

25 The reaction operation is a,s foJ~s. ·For example, starting mat.erial such 
as alcohol and a catalyst ai-e put fr1-; an autoclave. After the substitution of 
Itjtrogen gas for the air in the autoclqve, an alkylene oxide is introduced int.o the 
autoclave to cause reactio~ under predetermined temperature and pressure 
·conditions. The catalyst may be pres~nt in the rea~on .product depending on 

30 its use, however, it is usually separa~4 froJll. the reaction product by :filtering, 
which is perfonned after ad<:}ing wa~-. or a filt.er aid t.o decrease viscosity. 

ACOOrding to the· present inveut~9n, in a method fur producing an alkylene 
oxide a~duct using the catalyst ()f JM pre~nt invention, an alkylene oxide 
adduct having a vezy naJ:T<>W. · ad4,.µ.ct dis~ution can be produced more 

35 efficiently with high catalytic· ~cy~ with a veey small amount of high 
molecular weight ~lyethyl~ne glycol formed as a by~product. Particularly. 
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beca~ formatio~ 9f high m9lecular ~:~ht polyalkylene giyool as a by-p~uet 

• ~it.e~ '.the ~ ~}it~~' il'#Pt~ be. ~piovedJ and 8:18° ·the 
p~~ (e~g. ·stabijity m.\t>Vf. te~~~rature~ ¢ a chemical product using the 
.• .· . ' •· . ' 

obtaine4 alkylene oxide adduct as a material a.re improved~ 
! . . 

5 The ·present invention ~ he deSC'..ni>ed below in D10re detail by way of 
·. ... . .... -

examples and comparative: examples. . These examples are illustrative in 
~~ure and should n<;>t be co~idered a~ limitinf the present invention. 

Exampte 1 

10 · 'lb prepare a solutio~ A, 68.03 g (0.265 D10l) t;>f magnesium ·mtrat.e 
' • I . . 

hexahydrat.e; 47 .69 g (0. ~27 mol) of a~~um. nitrate nonahydiat.e, and 24.33 g 
(0.085 mol) of manganese.· nitrat.e Fydra~ were dissolved in 450 g of 
deioni?.e4 water. Op the other hap.4~ 18.47 g (0.127 mol) of sodium carbonat.e 
~s dissolved-in 450 goid~np.ed w~ter t.o prepare a solution B. 

15 Th~.· ~lutions A and B ~en; dropped· into a catalyst preparation vessel 
previously supplied ,with 1,800 g of deionimd wat.er over a period of 1 ho~ 
while :niaintaining the pH of9 with 21'J-NaOH and the temperature of 40 'C. 
After completing the dropping, the in.Deed solqtion was aged for 1 hour. The 
mother liquor was i-emoved by filtratfun, and the precipitat.e was washed with 6 

20 lit.era of deionized wat.er and spray-~d, and 3.0 g of a composit.e hydroxide was 
obtained. The composit.e ~ydroxidq __ ,;was ~d for 3 hours at 800 'C in a 

i . . .... 

nitrogen atmosphere t.o obtain i9 ~;of a Mg-Al-Mn composite oxide cata]yst 
(Mg: Al : Mn (by at.oFic ra~~>) = 0.56;0.26 : 0.18). 

25 Example 2 . 
'lb 'prepare a ~u~ A, 6~.oa g co.265 mol) of magnesium nitrat.e 

hexahydrate, 47.69 g (0.127 mol) of.al~inum nitrate nonaliydrate, and 20.83 g 
(0.085 mol) of man~ese acetate . tetrahydiate were dissolved in 450 g of 
deioni7.ed wat.er. On the other~,. 13.47 g (0.127 mol) of sodium carbonat.e 

30 was dissolved in 450_ g of d~zed W:"'~r t.o prepare_ a solution B. 
After that, according t.o the s~\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 : 
o,·18) was obtained. ; . ' . : ··~,i . . . ' 

35 Example S 
'.J.b prepare a solutioq A. 00.68 , g; (0.272 mol) of magnesium nitrat.e 

.. 
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~eubydrate! 61~06 g (0.163 ~ol) ofalumirium :¢tram noria.hydrat.e, and 14.60 g 

(0;951 :~l) of ~npne~ !¥ft~~ Jte~hyF~ were di&solve~ in 450 J of 
·deionized wat.er. · On the other han~ 17.26g (0.163 mol) of sodium carbonate 

w~ dissolved in 150 g of~nii.ed wat.er to prepare a solution B. · 
5 • A!tef that, according to the same ·procec~.ure· as iil Example 1, 21 g of a Mg-

Al-Mn oomposite oxiru; catalyst (Mg: AI°: Mn (by at.omic·ratio) • 0.56: 0:34: 

0.10) was obtained.. 

EDmple:i 
. I 0 

10 'lb 'prepare 8r so~utio~ A, 66.72 g '(0.260 mol) of magnesium nitrate 

hexahydrate, ~8.98 ~ (Q.104 mo!) of ab.;uninum nitrate nonabydrat.e, and 29.82 g 
(0~104 mol) of manganese ·nitrate h.~xahydrate were dissolved in 450 g of' 

deionfaed wat.er. On the other hand, 11.01 g (0.104 mol) of sodium carbonat.e 
was dissolved in 450. g of deiorii7.ed water to prepare a solution· B. 

15 Aft.er that, according to the s~ procedure as in Example 11 18 g of a Mg-

Al·Mn composite oxide catalyst (Mg : Al : Mn (by atomic ratio) ;; o.~6 : 0.2r : 
0.22) was obtained. ~ 

I 

' 
Example5 

20 
1 

.· ?b ~:repare ~ solution A, 57.~ g (0.223 mol) of magnesium nitrate 

hexahydrat.e, 50.06 ~-(0.~33 .mol).of alµminum nitrat.e nonahydrat.e, and 35.60 g 

(0.089 piol) of ~um mtrat.e npnahydrat.e· were dissolved in 450 g of 

deioni2.ed water. On the ~ han~ 23:57 g (0~222 mol) of sodium carbonat.e 
was dissolved in 450 g of deionized watet" to prepare a·8olution B. 

25 : After that~ according to the same procedure as in Example 1, 23 g of a Mg-

AJ..Cr composit.e oxide catalyst (Mg :Al: Cr (by at.omic ratio)= 0.50: 0.30: 0.20) 

was obtained. 

Example6 
30 'lb prerare a solution ~ 68~Q~ g · (0.265 mol). of magnesium nitrate 

hexahydrate. 47.69 '(0.127 ~91) ofaJ~inum .nitrat.e nonahydrat.e, and 2'.l..35 g 

(0.085 mol) of fem>u8· chlori~ tetrahy~ate were dissolved in 450 g of deioni?.ed 
. ~ - . 

water. On· the other hancl, 13.47 g (0.127 mol) of sodium carbonate was 

dlssolved in 450 ~of deioni7£d wat.er w prepare a solution B. 
3.5 Aft.el' that, according to the same J?l"Ocedure as in Example 1, 18 g of a Mg-

.Al-Fe composit.e oxi.d,e cat8lyst (Mg : AJ ~ Fo (by atomic ratio) = 0:56 :, 0.26 : Q.18) 
I · · · ', I j 

f. ···:; '.: t •. t\ . 
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wa:s obtained. 
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· Example7 . . . · , ; 
.· . . . ! 

Ji'o&wfu~tqe sa~.-P~-~ure. ~·'µ) EXample 1 except that 16.82 g (0.~85 
5 mol)·of ~anese ~ri~ ~~abydffi~·\f"S ~d ¥, the.~~ese salt, 19 g 

of~ Mg·Al-Mn composit.e oxide catalyst (Mg: Al : Mn .(br atomic ratio):;: 0.56 ': 

0.26 : 0; 18) was obtained. · ~ ·; f '. t · : · • · · · 
: I I ., 

Examples . 
10 Foll~wing the ·same ·procedure as in Example I"exeept that. 20.49 g ;(0.085 

·. ·. . . . . I! ... 
. m.ol) of m~se sulfi!.t.e pe~~drat.e was u~d as the manganese salt, 19 g-
of a·Mg-Al-Mn composit.e ox'i.de cata.1Yst (Mg: Al: Mn (by atomic· ratio) :;: 0.56 : 

0.26: 0.18) was obt.aine~ 

15 ;Example a '.·.··. 
. . ; ~ . 

20 

Fo~~ ~he same ProcE[dure ~-in EXapiple t exc:-ept ~~ 9. 77 ·~ (0.085 

mol) of ~angancrse car~nate was~d as. the µi~ salt, 19 g of a Mg·J\l­
~ oompoaite oxide catalyst (Mg: Al• Mn (by at.omic ratio) = 0.56 : 0.26 : 9.18) 
-'w~sobtajned. 1 i \lr.n·.· 1i1·. • 

'.Example.10 

'lb prepare ~ ·solution A, 817.48 ·g (1.24 mol) of magnesium nitrate 
. l 

hexahydrat.e, 222.~5 g (0~593 mol) otal~~ nitr~te nonahydrat.e, and 96.9 g 

· (0.396 mol) of manganese ;ace~w t,etrahyd.rate were ·dissolved in 600 g of 
25 deionimd ·water. On the o~her handl 62.88 g (0.593 m.ol) .of sodium carbonate 

was dissolved in 500.g of deioniied wtt.e~ ...0 prepare a solutiOn B. 

The sOlutions A and B were drc,>pped in,t.o a catalyst preparation vessel 
. ' 

·previously supplied with 480 g of deiQ.nized water over a period of 1 hour, while 

maintaining the pH of9 with lON-NaOH and the temperature of70 °C. After 

30 co~pleting the dropping step, the mixture solution was aged for 1 hour. The 

mother liquor was removed by filtiution, and the. precipitate was washed with 

9.6 liters of deionized water:.and spray-dried, and 92 g of a composite hydroxide 

was obtained. The composite hyd.:roxj.de was calciood for 3 hours at 800 t in 

a nitrogen ~tmosphere t.o obtain 60 .g.of a Mg·Al-Mn composite oxide catalyst 
. . ! . 

35 (Mg~ Al : Mn (by at.omic ratio) = 0.5~;~. 0.26 : ·o.18). 

'·','.' 

'(· 

" -~ 
I. 
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°9mparative Exa~ple 1 ·, 

·•. t \ I t . ' I 

; : ''lb 1f~pare· a ~luti.on A, 57·.26· g (0.223 mol) ~magnesium nitrate 

b.eiahydrat.e and 00:89 ~ (0,178 .piolrof alumµtum· pitrat.0 rulnahydrate ;we~ 

di*'°lved in 450. g of deioni~4 wat.er. ''.·:;on ~h~ other hand, 1~.s7· g (0:11a uiol) of 

5 soqium earbona~ was dis~lve1 ~ 9i50. 'g lof ~ioniz.ed ·water t;o prepare a 

Sc>lution B. · :' i 
Aft.er that, following the. same PWcedure as in Example 1, 17 g of a ~g·Al 

. . . .I . . ' 

composite 9Jcide cttta1yst (Mg: Al (by atoII1W ra~~ = 9.55~ : 0.444) was obt~4. 

10 Comparative Examt)]e 2 

15 

25 f; of alumi?mn:~a:~w:~r~~. wftl\ a ~he~l comvosition of 
2.5Mg0··~03 ·m~O (KYOWAAD (registe~d trademark) 300 manufactured 

by Kyowa Chemical Industry) was calciiled in a nitrogen atmosphere at 800 t 
~ 3 ho'1rs, and 16 g of Mg-Al composite oxide catalyst was obtained. 

Comparative Exam:ple·8 
. . I 

25 g ofhydrot.alcite wi~ a che~l e<;lIDJ><?~ti<?n 9fM~(OH)16CO~ •4H~O 
I I . . 1 • . . • • I. . . . 

(KYOWAAD (regisWred · tr~emarkl. 500 ~~ufac~ed by K)rowa C~al 

Industzr) was calcined in a nitrogen atmosphere at 500 t for 3 hours, and 18 g 

20 of Mg-Al composite oxide catalyst was obtained. 

Using each catalyst obtained i'1 Examples l t.o 10 and Comparative 

Examples 1 to 3, anrr~ne ~de ruiditioii r~~-~re carried out according t.o 

the reaction evaluation. method r !:.:as described b~low. The reactions are 

25 referred, t.o as Reaction Examples 1 to ,10 and Qomparative Reaction Example 1 

to 3, respectively. Furthermore, the· catalytic activity and the amount of high 

molecular weight polyethylene glycpJ (PEG) fo~d as a by-product in each 

reaction· example ·were ev~uated according t.o ~h,~ respective methods as 

described below. 'fhe evaluat~~:resul~s are shown in Table 1. 

30 FUrthermore, using each cataJyst 'obtafued· ~Example -1 and.Comparative 

35 

Example 1, alkylene oxide addition reactions were-carried out according to the 

reaction evaluation method II as de~bed below. The reactions are referred 

to as &action Example 11 and Com.P~ative Reaction Example 4. respectively. 

The evaluation results of the reactio~ .are shown in Table 2. 

I· 

Reaction-Evaluation Method I 
• ~ I ' 

·"'i: 

i 
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400 g ofl~uryl ~l alld 0.4 tf# a catalyst we~·:put in a 4-liter capacity 
a-q~ve. 'fhe. ~ir in the autocla~_-~as "replaced with nitro~n ·gast and the 
t.e~pe:rf\ture -~as increased w¥e ~~·. Then, while Ill$tainin~ the 
teJ11pera~ of tsq 'C and the pres$~ of 8 atm. ~3 g of ethylene oxide (EO) 

: . . . ... . 
5 (average adduct J11Qlar. number: 7) wa.S introduced to cause reaction betwee~ the 

lauryl alcohol and tlie EO. 

&action .Evaluation Method ff · 
400 g of methyl Jaurat.et 1.2 f of ~talyst, and 0.12 g of 40 % KOH aqueous 

10 solution were put·m'a 4 liter·ca~adtf-8.u~ve. The air in the autoclave was 
replaOOd with :nitrogen gas, ·and the t~mperature was. increased while stirring. 
Then, while maintallring the temper- of 180 'C and the pressure of 3 ~tm. . . . ·. . . 

_ 494 g of EO (avera~ adduct molar nYPiber: 6) was ~~uced to cause reaction 
between the methyl laurat.e and the ~O. 

15 
(Jatalyiic.Activity 

In each ·of the above'.'mentioned 'reaCtion evaluation· methods, th~· EO 
supplying rat.e (g-EO/min) was converted into a value :per unit amount of 
catalyst ·aft.er a point wheµ the t.epi.perattire and the1 vressure· ·reached the 

20 precJ,etermined values (~80 °C and $, ,atm, respectively). The obtained value 
! . . . . . . . . . . 

was used as ·an evaluati.o~ :pi~~s~ of tlw cataJrtic. activity (the unit: [g-
EO/(min .,.catalyst)]~. ~ EO supp.J,yillg rat.e corresponds t.o the amount of 
EO constitn~ per Unit time und4r the 'f-bove.menti.oned predetermined 
. temperature 'and pressure ron~ During this measurement, the catalyst 

25 ~ntration was ·adjusted to'.~· lov/level S<> that ~ta!Ytic activity under the 
control of chemical reaction rate can be evaluated accurately. 

The Amount of High Molecular Wezght PEG Formed as By-product 
In each of the' abo\re ·reaction ~ .. valuation methods, the content Qf high 

30 molecular w~ight polyethylene glycqt having a molecular weight of a~ t~st 
20,000 in the reaction produ~t was1~~y7.ed quantit8:ti.ve1)7 according t.o the 
HPLC method, and the comparison was made based on weight%, 
. I • ·~··.· I ' • . . ' 

'~~ 1-~ 

~. 

; ; 

. I . I 
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Table 1. l . • . ; !! . • . ; ~ : • l ' : '. l 1 

Ref).ciio~ ~~Pl~ 1 fO ~o and {79m11ara~~ve Re~~p. ~ples 1 t.o 3. 
. . ' · '. ! • I : .' ~ 1 . ' . . ; .·.· .... ~. '.. ·.' • •.-' ,~·-- • • • I ~; • · • l ! ' 

Compo$1te Qxidel. CatatYtlC ActMtv Arriounf of High' Molecular ' · 
~ti· 
I ' 

. (g~'?/(~lo.-9-cat\_ ._ ). ·. . WefQh.t PEG Formed· 
c~·r as By-product' (wt.%) 

Reaction 
.Example 1 ·cata1yst¢ ~· 1 0.06 6.0 

~ Ceta1f8t Qf ~·2 11.1 O.Q4 
; 

~ <;:atalyst of Ex. 3 Q.OS 

4 Catalyst 91 Ex. 4 i t 0.05 

~ Catalyst 9f EX. 5 0.16 . 
G <;atalyst ·of Ex. 6 

! 
9.20 3~0 

7 Catalyst of Ex. 7 
! 

0.05 
: ·4f. 

6.1 

6 catalyst of ex. a -4.5 0.02 

~ Catalyst of·~ 9 · .4 . · 1. 4.1 ·1· I t : 1: n 
11 · 1 · 1 ' 1 , I 

0.05 

10 yatatyst of Ex. 1Q 0.04 
I • r • ! 
·92 

~----·-·--·--·--·---- ~--------.. ----- ------'-----=---· 
CQmpar~ I . : . 

Reactio'n , 
· E?cample 1 Caf!illyst of s.~7 

9omp.'ex.1 

Rea~n 
Exai'np~11 

I 

.....,._, 

? catalyst of · 
Comp.Ex.2 

3. Cata.fy&t of: 
eomp.Ex.3 

I 
I 

CQmpo.site Oxide'··· · · 
catalyst 

I 

~tyst of ex.·1 I 
t. I 

---·--·--
Comparatiyrf 
Reaction Cata!Ystof ' 
Exarriple ·4 C9mp.ex .. 1 ti ; 

· 1 

I 

:~ 
4.$ . 

·1. 

' 
... , : 

6~:Y 

i 

cata1yt1C~·: ..• 
(g-EO/(~in • g-cat))-

i-: 
·I. 

.. 

g;1 ... 
~ ---

... 

i· 
I~ 

1.9 • : ' 

. t ., . ~- .... 

!.. ~ .• 
L. 

. ' 
I 

0.53 
I 

0.60 
.. 

1.10 
; 

· ~ofHlghMol~lar ! 

·weight PEG Formed 
as By-prod1Jct (wt %) · 

().~ . . .. 
' 

... ---~----... -........---·----
I 

0.58 
. I . :· 

. , I 
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As is ap~t from ·the results· in 'fa.b~ 1 Jllld 2, formation of hi~~h 
molee~ we~ght 'po]yethyle~ glfco~· as ~ ~-:product is inhibited whe~ ~g 
tM ~t of the present in~ntion. · .. Particularly!.:when using the catalyst of 

EXample 1 rontaining ~ ~e .~1*t of hi~ molecular weight polye~yl0ne 
5 ·glycol fo~ed as a by-product is decre•d to abo~t one t.enth the 8Dl0Unt of that 

10 

15 

. I' ' I o . 

formed with the catalyst of Co~parative Example 1, which was prepared 
according to the s~me procedure but not containing Mn. 

I , ' . 

Furthermor~, · i~ was confirmed that the' ability of catalyst is influenced 

depending on the ~e .of. the starting manganese salt.· For example, the 
acetat.e "is· preferable with respect t.o catalytic activity, and the sulfate is 

· preferable for inhibitip.g formation of.high molecular.weight polyethylene glycol 

as a by.product. 
' 

In a multi-layered hydroxide as. a catalyst precursor before being cal.C.ined, 
anions are believed t.o be ~n iii ~ guest layer having a layered structure 

(whµ.e the host Iarer is metal hydroWe). As a result, the anions influence the 

crystal ·s~cttire ~~the ca~st pi:ecursor; 
· With respect f:o the ·Eo' adducts obtained ll1 Re~ction Examples 1 t.o 6 and 

11 and Comparativ~ Reaction EXamples 1t.o.4, EO adduct ·distribution was 
m.~asured 'by the· HPLC method. The result.s are shown in Figures 1 to 11. 

·20 F~hermore, for the pmpose of.romparin~ the adduct distribution, alkylene 
oxide addition reaction was ~arrie4 cPUt ~g a KOH catalyst as an alkali 
catalyst according to the above-mentiqned reaction evaluation method I . The 

adduct distributiOn oft~· EO adduct 9btained by this reaction was measured in 
the same way as me~tioned above. :fhe reswt iS shown~ Figure 12. 

25 Furthermore, cry8tal structure~as irivestigat.ed for each of the catalysts 
obtained in· Examples 1, S 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 ~O~ was C?nfirmed. FurthermQre, a peak resulting 
30 :from an oxid~ with a rock-salt stru.ct:u.i;-.e (MgO) was oonfirmed as well as a peak 

~ulting fro~ a spinel-type . .structu~~>• On tlie other hand, as shown in Fig. 14, 
only a peak resulting from a rock~alt structure of magnesium oxide was 

observed in the Co~parativ~ Exampl~. 
Finall~ it is understood that ·Pie invention lliay be embodied in other 

35 S"pecific forms wit~ut dep~l1$'. f~n:~ ~ spirit ~r ~sential characteristics 
yhereof. The embodiments. disclo'eed in this.application are to be ·considered h:1 
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·What is claimed is:' 

I • : : ; I 

c L l'I s 

• I . ' . I . . . I • 

l. An alkoiylati9:p. cat~~ comp~lµg a pl~tal<>Jfide f-Olltaininf magnesi~ 
: • I ' . ~ ' • ' ..,f .', .• , . 

alumin~, an<i f~ teast one ¢eta! sel~d from the'llletals. ~t belong t.o group 
V{A, group ~ and group -~· . 1 

• 

1., 1-" • ; 

I 

2. The · alko:xylatfon cataJYst accordint~ t:o claim l, wherein ~he metals that 

belong t.o ~up VJA, ~up VlIA, an~ ~up ym afe chromium, molybdenum, 
~nese, ooc~tium; iron, cobalt, ll:ickel, and rutllenium. 

• I . I 

. 3. The ~xylatj.on cata)yst ~rding t.o claim 1, wherein the metals. that ' . . . . . . 

belong to group VIA, group VJ.IA, and gi'Oup vm are chromium, manganese, and 
iron. 

• l !' 

4. ~ alkoxyl~t~p catalyst accor4ing t.o claim 1, wherein ~ at.omic' ratio 
q~~eeJt ·~sium anq aluminum as shown bf ~(M~Al) is ~ the r~nge of 
0.1t.o0.7. 

v . . . ' 

5. The alkoxylation catalyst accarqmg to claim l, wherein the atomic :ratio 

20 b~tween ~~um and aliiminum as shown hr AY(Mg+Al) is in the ra~ ·of 
0.3 to 0.6. 

· 6, The alkOxylation eatalyst accordjng t.o claim 1, wherein ~ at.omic :ratio of 

t~ met.al serc141 ·ft.om ~e ~tals '~t ~orig t.o f'°ll~ V1A group VJIA, and 
25 group ~ with respect t.o the t.otaLof magne.si.um, aluminum, and the metal~ is 

in the range of0.05 t.o 0.4. 

·7, The alkoxylation catalyst acco:r:ding to (flajm 1, wherein the metal oxide is 
. f . 

obtained from a precipitate from f: :3qlµtion =invlu~ an aluminum. compoun~ 
30 a magnesium compound; and a campo.und of the meta.I selected from the metals 

I I •. 

that belongtc»group VIA, group WA,· and group VJJI. ~ soluoos. · • 

8. The alk.oxylation catalyst accor~-g.g to clapn ?··wherein the 'r?mpoun4 ?f µie 
· m~tal ~' at l~ast on~ ~lected from ~ .. nitrat.e', an a.C:eta~. a sulfat.e~ a chloride, 

35 and a carbonate. · 
'I 

' ' . ; ". . . ~ 

.· i 
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9. 111e ~<>Jo/la~oµ eatalY:st; accor~ng t.o clain\ i, w~erm the metal. oxi.d~ 
inclwJ.es a sPinel-~ $t;uct'U1e that 'contains al~~num and the· metal select;ed 

~JD.the me~i:Us~Jongiilgt.o gri>up ~_group ·VJIA,·and group Vlll. 
. ' 

5 19~ An ~tio~ cat;UY~~ ~ptjsing a pietal ~de con~ ma~UJ1!1 

and alu~~, w~ .~metal ~~e ~r.~~~ M (Mis ~t le~st on~ 
~lected fivm the meta]..eJements ·ot.ber than :qia~Sl'1m and alummum), and 

~ludes a spinel-th>e strllcture that containS al\tmin~ and M. 
; 

t 

IO 11, A~ethod for pi-oducing an alkoxylation ca.tafyst comprising a metal oxide, 

which comprises: 
forming a -precipita~ contaiuing elements of magnesium) aluminum, 

and at least one eJement selected from the metal elepients belonging to groups 

VIA, \1.llA, and VJII ~m ~a mi:Xed aqueous solution containing the elements; and 

15 'burning the precipit:a,t.e _at a temperature of aoo t.o 1000 'C so as to 

obtain the metal qJti4.e. · 
' • r 

ii t 

~2. A method for.prod~ciny '111 f11k.Y~~e ooqde a~~ wlllch comprises adding 

an altylene ~~ '.t.o ~·or~~. compaund in 1he' ~resence. of an alkoxylation 

20 ·catalyst compri~ing :a metal oxide ®ntaining· mapiesium, aluminum, and ~t 
·least one metal 'selected from •the metals that belong t.o group VIA, group VIlA, 

~ I ; . 

25 

and group 'WI. ' 

13. The me~ ~ng t.o claim 12, wh~ ~he metals that belong t.o 

~up VIA. foup 1~ ~dF>up V1IJ are~¥~' molybdenum, manganese. 
technetium, iron, ·cobalt~ ·nickel, and ruthenium. ' ' 

. I 
' I '-· .. 

14. The methoq :accordinir t.o cl~ _12, · whereizl· the metals that belong t.o 

group VIA, group VlIA, ~d grou:p ·· VID ·~re cbromimii;· manganese, and iron. 
so I : : .. ? 

15. 'fhe methoQ.' aocording' t.o cl~im 12,° wherein the at.omic ratio· between 

piapesium and alumin'Um as shownb;y Al/lM~Al) is in the range of 0.1 tQ or7. 
' ~ I . • t I ! . . . . . ~-·· i i 1 I ' I : • 

. (. . 

16. The meth'?d accor~ to claim 12, wherein; the atomic ratio betwe9Jl 

35 ragn~~um an~ f~um .its shown by Al/~Al~'is.i~ the range of0.3 t.o o.~. 
i 
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17. The iµethod accorqing t.o claim 12, wherei.q tlie at.omic ratio of the me~~ 
select.ed fromi the;~· ~t belonl? t.o group ~ group VJfA, and group vm 
with respect· to the 1:9tal of magnesium, aluminum, and the metals is in the . ' 
range of 0.05 t.p 0.4~. 

I I .• l 

l8. 'fhe µtethod according ~ claim 12, wherein the metal oxide. is obt.ained 
from a pteeipita~ ·from ~ solution ~udinv; 8Jl tiiuminum COII1J>9und, a 
magnesium compound) and a compound of the metal select.ed from the metals 
that belon~ to group VIA, group VllA, and group vm · as solut.es. 

19. The method according t.o claiiu 18, wherei!l the compound of the metal is 
at least orie select.ad from a nitrate. an acetate, a sl.Ufate, a chloride, and a 
carbonate. 

20. The method accordin~ to claim 12, wherein the metal oxide includes a 
spinel·type structl.U'e $at c6'1tains ahuninum and the metal select.ed from the 
metal$ belonging t.o Flll' VlfA.1 ~up wA, and ·group ~· ' 

•. ! : ' .. 

. .... .,.. , 

o·• I - 1 . I ...... ,. :· 
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