- 1 - DESCRI PTI ON PROCESS FOR PRODUCTI ON OF POLYETHER AND PROCESS FOR
PRODUCTI ON OF SOLI D ACI D CATALYST Technical Field [0001] The present
invention relates to a process for production of polyether. The present
iFnvention also relates to a'solid acid catalyst and a process for
production of a solid acid catal yst. Background Art [0002] The pol yether
i-s a polyner having a wi de range of uses, for exanple, raw materials for
soft segnents, e.g., elastic fibers and thernoplastic el astoners, and raw
materials for polyurethanes, urethane urea, polyesters, and the |ike.

[ 0003] Typi cal exanples of known poryétﬁers i ncl ude polyethylene glycol,
poly(1, 2- propane diol), and polytetranethylene ether glycol. Mst of all,
pol yt etranet hyl ene et her gl ycol synthesized by ring-opening polynerization
of tetrahydrofuran (THF) has excekkertprgwmansi on and contraction
properties, excellent elasticity, and the |like, and has been noted. [0004]
2 - [ Backgroprdcebsf Fogt PROBUSEEONOES PELYETHER AND PROCESS FOR

PRODUCTION OF SOLID ACID CATALYST

Technical Field
[0001]

The present invention relates to a process for
production of polyether. The present invention also relates
to a solid acid catalyst and a process for production of a
solid acid catalyst.

Background Art
[0002]

The polyether is a polymer having a wide range of uses,
for example, raw materials for soft segments, e.g., elastic
fibers and thermoplastic elastomers, and raw materials for
polyurethanes, urethane urea, polyesters, and the like.
[0003]

Typlcal examples of known polyethers include
polyethylene glycol, poly{l,2-propane diocl), and
polytetramethylene ether glycol. Most of all,
polytetramethylene ether glycol synthesized by ring-opening
polymerization of tetrahydrofuran (THF) has excellent
expansion and contraction properties, excellent elasticity,
and the like, and has been noted.

(0004]



The viscosity of the polyether is relatively high. In the case where

pol yurethane or the like is further produced by using this as a raw
material, dilution or heating is required in the reaction process thereof.
Therefore, a polyether having a | ow viscosity (low nol ecul ar wei ght

di stribution (nolecular weight distribution = weight-average nolecular

wei ght (Mn)/ nunber - aver age nol ecul ar wei ght (Mh))) has been desired. In
the case where the polyether is produced industrially, it is believed that
the nol ecul ar weight distribution of the resulting polyether is influenced
significantly by a polynerization catalyst to be used. As a nmatter of
course, the performance of the polynerization catalyst also exerts an

i nfluence on the degree of conversion in the production of the polyether.

[ 0005]  (RalanfrJReurEnts vk Acl0sepeelisd acid catalysts, in which
nmet al oxi des "are supported by oxide carriéers, -é.g., zeolite or silica, as

catal ysts tothe %_@@Iobmtyhgfptﬁeuthg}ephei were%v;@{reﬁ%hfg&?nt:rrpocum?nt
1: Japanese Unexam ned Patent Application Publication . 9-241374 Patent

Docunenthd chapan@se cUpexafiredthabatl @it cApphigat ien rukihki-c at-bancha.
2000- 327770 [0006] - 3 According to the studies of the inventors of the
present bynigfinigomhiisn akhe case maftend afihe dpohiyebhebrwasating is
required in the reaction process thereof. Therefore, a
polyether haying a low viscosity (low molecular weight
distribution (molecular weight distribution = weight-average
molecular weight (Mw)/number-average molecular weight (Mn)))
has been desired. In the case where the polyether is
produced industrially, it is believed that the molecular
weight distribution of the resulting polyether is influenced
significantly by a polymerization catalyst to be used. As a
matter of course, the performance of the polymerization
catalyst also exerts an influence on the degree of
conversion in the production of the polyether.
[0005]
Patent Documents 1 and 2 disclose solid acid catalysts,
in which metal oxides are supported by oxide carriers, e.g.,
zeolite or silica, as catalysts to be used in the production
of the polyether.
Patent Document 1l: Japanese Unexamined Patent Application
Publication No. 9-241374
Patent Document 2: Japanese Unexamined Patent Application

Publication No. 2000-327770

[0006]



produced industrially, a polyether having quite satisfactory quality was
not obtained by the catal ysts which were disclosed in Patent Docunents 1
and 2 and which had been wused previously. That is, regarding the known
catal ysts, the performance of the catalyst deteriorated significantly as
the reaction was continued, and deterioration of the activity and
deterioration of the nolecular weight distribution of the resulting

pol yether over time were significant. Consequently, a |arge anmount of
catal yst was required for producing the polyether stably, and only

pol yet hers having | arge nol ecul ar weight distributions were able to be
produced. [0007] [Background of third aspect] It is known that netal
hydr oxi des and/ or netal oxides function as acid-base catalysts on the
basis of theidcor&bigctd eha@csthdbse st remgthsvedtors af sthevel | known t hat
an acid strength stronger than the acid strength exerted by a single netal
oxi de cpmrebenebtaierdiby, aipl thal thyeoftheetaktheorbligstberngasonbi ned into
an oxide conplex or by at |least one type of netal oxide being supported by
di f f er eprotiypes influpetrabldyj de paiyeehsr hpod0g] quiste patyehechbrya

met hod, in which a carrier is allowed to support a netal salt or the |ike,
t he netghad3aky wasthet chtaisedi byhyHeokpzedyatehwhichl K&FE or the |ike so

as to
disglosed in Patent Deoccuments 1 and 2 and which had bkeen

used previously. That is, regarding the known catalysts,
the performance of the catalyst deteriorated significantly
as the reaction was continued, and deterioration of the
activity and deterioration of the molecular weight
distribution of the resulting polyether over time were
significant. Consequently, a large amount of catalyst was
required for producing the polyether stably, and only
polyethers having large molecular weight distributions were
able to be produced.

[0007]

[Background of third aspect]

Tt is known that metal hydroxides and/or metal oxides
function as acid-base catalysts on the basis of their
respective acid-base strengths. It is also well known that
an acid strength stronger than the acid strength exerted by
.a single metal oxide can be obtained by a plurality of metal
oxides being combined into an oxide complex or by at least
one type of metal oxide being supported by different types
of metal oxide carriers.

.{0008]



beconme a netal hydroxide, and the netal hydroxide is converted to a netal
oxi de by heating and firing, has been wused previously as a nethod for
preparing a solid acid catalyst in which a netal oxide is supported by a
carrier (Patent Docunent 3). [0009] Exanples of uses of the
above-described solid acid catalysts include the production of polyethers
through a ring-opening polynerization reaction of tetrahydrofuran (THF)
and other circular ethers (Patent Docunent 4). Regarding the production of
pol yethers by using this solid acid catalyst, it is desired not only that
the reaction proceeds at a high degree_of conversion, but also that the
pol yether has a | ow viscosity fromthe viewoint of the handling of the
produced pol yether. Consequently, it is desired to produce a polyether
havi ng a narEOM/nDIec | ar ég%% distribution, that is, a small ratio

(Mv Mh) of the 9%RTHA Laﬁe?%ﬁ | SRUMBLChef gRETTMAF 18 2hECWERDE? - aver age
-mol ecul ar._wei u panes Un xam ned Pat ent
ApplicaFPBRor uSI&@E%}oﬁ k% gg% n§§%§8 S ht %: thSpanese
ngéfglgggfg%%he sﬁ%@ 9%% ¢ W gn?@nﬁgkgi&fthgﬁgp}éggﬁﬁ%ﬁéggﬁPE8210}t was
d'ff'Cub%cgﬂeaglﬂg%glcﬂ§ﬁkgklhg, and the metal hydroxide is
| converted to a metal oxide by heating and firing, has been
used previously as a method for preparing a solid acid
catalyst in which a metal oxide is supported by a carrier
{Patent Document 3).
[0009]
Examples of uses of the above-described solid acid
catalysts include the production of polyethers through a
ring-opening polymerization reaction of tetrahydrofuran
(THF¥) and other circular ethers (Patent Dobument 43 .
Regarding the production of polyethers by using this solid
acid catalyst, it is desired not only that the reaction
proceeds at a high degree of conversion, but also that the
polyether has a low viscosity from the viewpoint of the
handling of the produced polyether. Consequéntly, it is
desired to produce a polyether having a narrow molecular
weight distribution, that is, a small ratio (Mw/Mn) of the
weight-average molecular weight (Mw) to the number-average
molecular weight (Mn).
Patent Document 3: Japanese Unexamined Patent Application
Publication No. 2003-113238

Patent Document 4: Japanese Unexamined Patent Application



support a netal hydroxide and/or a netal oxide in the state of fine

di spersion by the nethod disclosed in Patent Docunent 3. Even if a solid
acid catalyst is prepared by this nmethod, the amount of acid-base thereof
may be small and the distribution of acid strength may beconme wi de. The
reason therefor is believed as described below. In the case where the
carrier is allowed to support the netal salt or the |like and hydrolysis is
conducted with the alkali, since the alkali is supplied fromthe outside
of the carrier, the anmount of supply of alkali is varied depending on the
position in the inside of the carrierdand, thereby, the rate of hydrolysis
is varied. In addition, when the netal hydroxide precipitates, the netal
salt or the like is noved due to the concentration gradient. That is,

regardi pgphhe. tretakhyenexideisist he inside of the carrier, high-
concentration portions and | ow concentration portions result depending on

the posifhipapg in the inside of the carrier. Large aggregation of netal
hydroxi&e occurs in the high- concentration portion and snall aggregation

of metal hygresidengceyr shinsthgiboweonEeNt hakhebrposti eRe As a result,
the netal hydroxide is supported nonuniformly in the 6 <carrier, and it is

bel i evegrihahtt haveamrudinf,orf sl eadFitaltt e widewdisstarkukironoof acid

strength and the reduction in the anount of acid-base. [0011] For

exanpl e subpotrite ar magadpeyidrgxpaky aed/sat iaometal oxide in the state
of fine dispersion by the method disclosed in Patent
Document 3. Even if a solid acid catalyst is prepared by
this method, the amount of acid-base thereof may be small
and the distribution of acid strength may become wide. The
reason therefor is believed as described below. 1In the case
where the carrier is allowed to support the metal salt or
the like and hydrolysis is conducted with the alkali, since
the alkali is supplied from the outside of the carrier, the
amount of supply of alkali is varied depending on the
position in the inside of the carrier and, thereby, the rate
of hydrolysis is varied. In addition, when the metal
hydroxide precipitates, the metal salt or the like is moved
due to the concentration gradient. That is, regarding the
metal hydroxide in the inside of the carrier, high-
concentration portions and low-concentration portions result
depending on the positions in the inside of the carrier.
Large aggregation of metal hydroxide occurs in the high-
concentration portion and small aggregatiocn of metal
hydroxide occurs in the low-concentration portion. BAs a

result, the metal hydroxide is supported nonuniformly in the



reaction of tetrahydrofuran, it is also believed that the above-described
w de distribution of acid strength of the solid acid catalyst becones the
cause of reduction of the degree of conversion and, furthernore, a w de
range of degree of polynerization, that is, the w de nol ecul ar wei ght

di stribution of the intended polyether. [0012] [Background of fourth
aspect] Patent Docunents 1 and 2 disclose solid acid catalysts, in which
nmet al oxi des are supported by oxide carriers, e.g., zeolite and silica, as
the catalyst to be used in the production of polyethers, e.g.,

pol ytetranet hyl ene ether glycol, thrgugh the ring-opening polynerization
of THE and the like. [0013] The average nol ecul ar wei ghts required of the
t hus produced pol yethers are different depending on uses thereof.

Therefore, i.t is required po hers havin |ous .average nmol ecul ar
wei ght s A% lﬁrrddt?&gg %’%&W@t‘%gﬁl amendl pESasi &R, 7 -

[ 0014] In the of pol.yet he ds |ch the reaction
condi ti GHS &1 ecf?gnc’ 5 YHEE i@ sfy OL&ECeinr‘? a@ﬁnt:g/{t‘]cr SRctitoR 1n

t enper atyre, n& bconverS|on and the 1Iike are changed, have been
a5
previ ous y agbp ed as e met hiods f or controlling the average nol ecul ar

wei ght's @blﬁﬁe

For example, in the ring-opening polymerization
reaction of tetrahydrofuran, it is also believed that the
above-described wide distribution of acid strength of the
solid acid catalyst becomes the cause of reduction of the
degree of conversion and, furthermore, a wide range of
degree of polymerization, that is, the wide molecular weight
distribution of the intended polyether.

[0012]
[Background of fourth aspect]

Patent Documents 1 and 2 disclose solid acid catalysts,
in which metal oxides are supported by oxide carriers, e.qg.,
zeolite and silica, as the catalyst to be used in the
production of polyethers, e.g., polytetramethylene ether
glycol, through the ring-opening polymerization of THF and
the like.

[0013]

The average molecular weights regquired of the thus
produced polyethers are different depending on uses thereof.
Therefore, it is required that polyethers having various
average molecular weights are produced from a poclyether

having a single composition.



resul ting polyethers. Patent Docunent 1: Japanese Unexam ned Patent
Application Publication No. 9-241374 Patent Docunent 2: Japanese

Unexam ned Patent Application Publication No. 2000-327770 [0015] 1In the
case where the average nol ecul ar weight of the resulting polyethers are
changed by the reaction condition, for exanple, in the case where an

i ncrease of the average nolecular weight is intended, a polyether having a
| arge average nol ecul ar wei ght can be obtained by |lowering the reaction
tenperature. However, the reaction activity is reduced by |lowering the
reaction temperature, and the productlivity is reduced. Alternatively, a
pol yether having a |arge average nol ecul ar wei ght can be obtai ned by

| owering the degree of conversion. However, the productivity is also
reduced [ignttsyj s case. The average nol ecul ar wei ght of the resulting
polyether can al so be increased by reducing the concentration of an - 8

initiator-term RakObroBudti oAC Bl 90@2@%@:@9 me@hbesusadwhibawewner, in this
case as well, the productivity is reduced due to a reduction of the

initial xre%aﬁlcﬁﬂ dorida.t i{[dHELGlre CoryesBl what P,y etdi@iodmaviimgiha csimal |
average nol ecul ar wei ght can be produced by raising the reaction
t enper atiivee . rddaviEver tdnpdrtitsiregsehd iegree il atonmaighion, and the
like are changed, have been previously adopted as the
methods for controlling the average molecular weights ofvthe
resulting polyethers.
Patent Document 1: Japanese Unexamined Patent Application
Publication No. 9-241374
Patent Document 2: Japanese Unexamined Patent Application
Publication No. 2000-327770
[0015]

In the case where the average molecular weight of the-
resulting polyethers are changed by the reaction condition,
for example, in the case where an increase of the average
molecular weight is intended, a polyether having a large
average molecular weight can be cbtained by lowering the
reaction temperature. However, the reaction activity is
reduced by lowering the reaction temperature, and the
productivity is reduced. Alternatively, a polyether having
a large average molecular weight can be obtained by lowering
the degree of conversion. . However, the productivity is also
reduced in this case.

The average molecular weight of the resulting polyether

can also be increased by reducing the concentration of an



distribution increases (deteriorates), the viscosity of the polyether

i ncreases, and coloring occurs easily. Alternatively, the average nol ecul ar
wei ght of the resulting polyether can be reduced by increasing the
concentration of the initiator-termnator, e.g., acetic anhydride, to be
used. However, in this case, the ampbunt of acetic anhydride remaining in
the reaction solution increases and, thereby, a disadvantage occurs in the
foll ow ng separation step. [0017] Under the above-described circunstances,
a process for controlling the average nol ecul ar wei ght of the resulting
pol yether at a desired value w thout gdversely affecting the other
performance, e.g., the reaction activity, characteristics of the

pol yet her, and treatnent operations, has been required. D sclosure of

obj et SPIHEHEE gﬁ%ﬂ%q%éﬁriéﬁb}?d"fmf' it gy ai%sfé%]@gﬂs capabl e of
o nar T OB AP G RE St Mhunro Tt T ug%d“c' VRER:
oty LS BSER b altﬁ%f%aoc;t&%&e.r%? Lormance of iR
of a polg§§f%%r as well as a solid acid

Conversely, a polyether having a small average
molecular weight can be produced by raising the reaction
temperature. However, in this case, the molecular weight
distribution increases (deteriorates), the viscosity of the
polyether increases,_and coloring occurs easily.

Alternatively, the average molecular weight of the
resulting polyether can be reduced by increasing the
concentration of the initiator-terminator, e.g., acetic
anhydride, to be used. However, in this case, the amount of
acetic anhydride remaining in the reaction solution
increases and, thereby, a disadvantage occurs in the
following separation step.

[O017]

Under the above-described circumstances, a process for
controlling the average molecular weight of the resulting
polyether at a desired value without adversely affecting the
other performance, e.g., the reaction activity,
characteristics of the polyether, and treatment operations,
has been required. |
Disclosure of Invention

[0018]



catal yst therefor. [0019] A process for production of a polyether
according to the first aspect is characterized by including the step of
subjecting a raw materi al conpound to a polynerization reaction or a
condensation reaction in the presence of a solid acid catalyst so as to
produce a pol yether, wherein a solid acid catal yst having the anmount of
surface hydroxyl group of 0.1 to 2.5 nol/n2 and the anount of acid
exhibiting pKa of -5.6 or less of 20 pnol/g or nore is used as the solid
acid catalyst. According to the first aspect, a solid acid catalyst having
the anount of surface hydroxyl group & 0.1 to 2.5 nmol/n2 and the anount
of acid exhibiting pKa of -5.6 or |less of 20 snol/g or nore is also
provided as this solid acid catalyst. [0020] - 10 A process for

product ijen Qf1 AR Wet harsaceoidiseddtt ddxegond aspect is characterized
by including the step of subjecting a raw material conpound to a

pol ynerizati gn igeaat bBfe8t afCendemisakiconnteabti sacbAdt heppresense of a
solid acid catalyst so as to produce a pol yether, wherein a solid acid

cat al ystprivaMidrg as wirdoaes shydipaxitle grfoursiucs neltdhewethdue tc @it aeit alivislt an
organi ¢ conpound and/or an inorgani c conpound, which can react or interact
Wi t h t heregsuinfeat e nhly giraxiylc 1 gigo wp o odryek e e have nat ke matraw tvd ecular

weight distribution at a high degree of conversion stably

for the long term by using a catalyst, the performance of

the catalyst being prevented from deteriorating over time,

in the production of a polyether, as well as a solid acid

catalyst therefor.

[0019]

A process for production of a polyether according to
the first aspect is characterized by including the step of
subjecting a raw material compound to a polymerization
reaction cor a condensation reaction in the presence of a
solid acid catalyst so as to produce a poclyether, wherein a
solid acid catalyst having the amcunt of surface hydroxyl
group of 0.1 to 2.5 pmol/m2 and the amount of acid
exhibiting pKa of -5.6 or less of 20 pmol/g or more is used
as the solid acid catalyst.

According to the first aspect, a solid acid catalyst
having the amount of surface hydroxyl group of 0.1 to 2.5
p.mol/m2 and the amount of acid exhibiting pKa of -5.6 ox
less of 20 umol/g or more is also provided as this sclid
acid catalyst.

[(0020]



pol yether, and is used in the polynerization reaction or the condensation
reaction. [0021] [Disclosure of third aspect] It is an object of the third
aspect to provide a process for production of a solid acid catalyst having
a |arge anount of acid-base and a narrow acid strength distribution by
allowing a carrier to support a netal hydroxide and a netal oxide in an
extrenely honogeneous, fine dispersion state. [0022] A process for
production of a solid acid catalyst, in which a netal hydroxide and/or a
nmetal oxide is supported by a carrier, according to the third aspect is
characterized by including the step 1§ -allowing the netal hydroxi de and/ or
the nmetal oxide to be supported in pores of the carrier by - 11 conducting
a honopgeneous precipitation nethod in the carrier pores. [0023]

[ Di scl osure gf fougth as Eect% ls anfobj i {héhe éour h_aspect to
provi de a ptoBe85®Fdr “Pr ol ?FSE BF 9" pBl JRtKEF T hd°pPocesd bRing
canabl i, SERLLN LTt LieRuisallinn LUe pusra0R, URLEBULE plol Nt of
other PeLEJLIRIES a a¥ mathS:hFACLhBBAG! kY LY ot REAELEE R cs of the

reaction or a condensation reaction in the presence of a

solid acid catalyst so as to produce a polyether, wherein a

solid acid catalyst having surface hydfoxyl groups is

allowed to contact with an organic compound and/or an

inorganic compound, which can react or interact with the

surface hydroxyl groups and which is other than the

polyether, and is used in the polymerization reaction or the

condensation reaction.

[0021]

[Disclosure of third aspect]

It is an object of the third aspect to provide a

process for production of a solid acid catalyst having a

large amount of acid-base and a narrow acid strength

distribution by allowing a carrier to support a metal

hydroxide and a metal oxide in an extremely homogeneous,

fine dispersion state.

[0022]

A process for production of a solid acid catalyst, in

which a metal hydroxide and/or a metal oxide is supported by

a carrier, according to the third aspect is characterized by

including the step of allowing the metal hydroxide and/or

the metal oxide to be supported in pores of the carrier by



pol yet her, and treatnent operations, in a process for production of a

pol yet her by subjecting a cyclic ether to ring-opening polynerization in
the presence of a catalyst. [0024] A process for production of a polyether
according to the fourth aspect is characterized by including the step of
subjecting a cyclic ether to ring-opening polynerization in the presence
of a catalyst, wherein a catalyst, in which a solid acid catal yst
containing at |east one type of element selected fromthe group consisting
of the groups 1, 2, 4, 6, 8, 9, 12, 13, 14, 15, 16, and 17 in the periodic
tabl e and belng capable of subjecrlﬂd-by |tself a cyclic ether to

ri ng-openi ng polynerization is allowed to contain at | east one type of
nmetal el enent not contained in the solid acid catalyst and sel ected from

t he gro%Bn%%Q%h%b'%9h%hob@%ebu%2pr@%&@ﬁ&a&adﬁ mE@hoand nlthien chhke iperi odi c
table, is used as the catalyst. Detailed Description [0025] [Description

of firspozad . second aspects] The inventors of the present invention
conducted intensive research in order to solve the above-descri bed
probl emggohxja result, it was found that when a solid acid catalyst having
surface hydroxyl groups was treated with a specific organic conpound
and/ or i[maksgdrist: reo ot rthhaspeetflor mance of the catal yst was able to be
prevented from
It is an object of the fourth aspect to provide a

process for production of a polyether, the process being

capable of easily efficiently controlling the average |

molecular weight of the resulting polyether at a desired

value without adversely affecting the other performance,

e.g., the reaction activity, characteristics of the

polyether, and treatment operations, in a process for

production of a polyether by subjecting a cyclic ether to

ring-opening polymerization in the presence of a catalyst.

[0024]

A process for production of a pelyether according to

the fourth aspect is characterized by including the step of

subjecting a cyclic ether to ring-opening polymerization in

the presence of a catalyst, wherein a catalyst, in which a

solid acid catalyst containing at least one type of element

selected from the group consisting of the groups 1, 2, 4, 6,

8, 9, 12, 13, 14, 15, 16, and 17 in the periodic table and

being capable of subjecting by itself a cyclic ether to

ring-opening polymerization is allowed to contain at least

one type of metal element not contained in the solid acid

catalyst and selected from the group consisting of the



deteriorating over tine, and when the solid acid catalyst treated with the
organi ¢ conpound and/or the inorganic conpound was used, the usage of the
catal yst for producing a polyether was reduced and the nol ecul ar wei ght

di stribution of the polyether was able to be narrowed. Consequently, the
present invention has been conpleted. [0026] That is, methods for reducing
t he anobunt of surface hydroxyl group of the solid acid catal yst having
surface hydroxyl groups include a nmethod in which the solid acid -catalyst
is fired at high tenperatures. In this case, the surface area and the
anount of acid of the solid acid catapyst are al so reduced and, therefore,
the initial performance of the catal yst deteriorates significantly. On -
13 the other hand, in the case where the treatnent with the organic

~conpound and/or t he ca nd i s .conduct according to the
present ST i6n, né]Te‘I % %éjaﬁgﬁ%h @Lﬂ‘#}frcé: oy Uge guﬁ‘scan be
reduced %$tho%; %grsely af fecting the surface area and the anount of
acid of t aC|d catalyst. As a result, a polyether having a narrow

nnlecul g%ﬁ d@ Qﬂylon can be produced at a high degree of
conver5|on sta ong termby using a solid acid catalyst having

a snall[$ unt of surface hydr oxyl group and a | arge anount of acid.
[ 0027] hat “is, the first aspect of the present invention

[Description of first and second aspects]

The inventors of the present invention conducted
intensive research in order to solve the above-described
problems. As a result, it was found that when a solid acid
catalyst having surface hydroxyl groups was treated with a
specific organic compound and/or inorganic compound, the
performance of the catalyst was able to be prevented from
deteriorating over time, and when the solid acid catalyst
treated witﬁ the organic compound and/or the inorganic
compound was used, the usage of the catalyst for producing a
polyether was reduced and the molecular weight distribution
of the polyether was able to be narrowed. Consequently, the
present invention has been completed.

[0026]

That is, methods for reducing the amount of surface
hydroxyl group of the solid acid catalyst having surface
hydroxyl groups include a method in which the solid acid
catalyst is fired at high temperatures. In this case, the'
surface area and the amount of acid of the solid acid
catalyst are also reduced and, therefore, the initial

performance of the catalyst deteriorates significantly. On



resides in a process for production of a polyether, characterized by

i ncluding the step of subjecting a raw material conmpound to a

pol ynmeri zation reaction or a condensation reaction in the presence of a
solid acid catalyst so as to produce a polyether, wherein a solid acid
catal yst having the anmount of surface hydroxyl group of 0.1 to 2.5 nol/nR
and the anount of acid exhibiting pKa of -5.6 or less of 20 nol/g or nore
is used as the solid acid catalyst. [0028] The second aspect of the
present invention resides in a process for production of a polyether,
characterized by including the step Iof subjecting a raw materi al conpound
to 14 a polynerization reaction or a condensation reaction in the
presence of a solid acid catalyst so as to produce a polyether, wherein a

ot b an b G R A0 B (AGE Lo, SLauRRS Ainedel o cont ac!

wi th an conpdu /or-an inorganic C nd, which can react or

B

pol yet her, for thée polynerization reaction or the condensation

reaction ckggﬁﬁé tBeQ%%dFQ%S%%% finkshangd  t bR fagontAsRRRNE. ofthe solid

acid cat§1yst y be at least one type selected fromthe group consisting
of conpQg) i JPHRIX%de (G YSlsS b BlcdlucedX i@ Herftralayilesseald cl ay

catal ysts.
affecting the surface area and the amount of acid of the
solid acid catalyst. BAs a result, a polyether having a
narrow molecular weight distribution can be produced at a
high degree of conversion stably for the long term by using
a solid acid catalyst having a small amount of surface
hydroxyl group and a large amount of acid.
[0027]

That is, the first aspect of the present invention
resides in a process for production of a polyether,
characterized by including the step of subjecting a raw
material compound to a polymerization reaction or a
condensation reaction in the presence of a solid acid
catalyst so as to produce a polyether, wherein a solid acid
catalyst having the amount of surface hydroxyl group of 0.1
to 2.5 [,Lmol/m2 and the amount of acid exhibiting pKa of -5.6
or less of 20 umol/g or more is used as the solid acid
catalyst.

[0028]

The second aspect of the present invention resides in a

process for production of a polyether, characterized by

including the step of subjecting a raw material compound to



[0030] Regarding the first and the second aspects, the solid acid
catalyst may contain at | east one type of netal elenent selected fromthe
group consisting of the group 2, the group 3, the group 4, the group 5,
the group 8, the group 10, the group 11, the group 13, and the group 14 in
the periodic table. [0031] Regarding the second aspect, the organic
conpound may be at | east one type selected fromthe group consisting of

al cohols, silylating agents, and carbonates. [0032] - 15 Regarding the
first and the second aspects, preferably, a cyclic ether is subjected to a
ri ng-opening polynerization reactiomgo-as to produce a polyether. In
particular, it is preferable that a cyclic ether is subjected to a ring
openi ng pol ynerization reaction in the presence of a carboxylic anhydride
and/ or a carboxylic acid so as to produce a polyether. [0033] Regarding
the fir&t PRATTERE 28Ed0Rd FEEFEAPE, Ofhé SOPCERSEEI e FLACFLP Y BESpr oduced
by conducting a hanogeneous precipitation nmethod in carrier pores. [0034]
Accor di RESEE CRe OFi FSEOAAA AA S GE0RY Yadpaat 65 &° BrestRgnt for al | owi ng

the SOlb%l%%%%e%?t%h%%%igaglg%lid acid catalyst having surface

hydroxyl groups is allowed to contact with an organic
compound and/or an inorganic compound, which can react or
interact with the surface hydroxyl groups and which is other
than the polyether, and is used for the polymerization
reaction or the condensation reaction.

[0029]

Regarding the first and the second aspects, the solid
acid catalyst may be at least one type selected from the
group consisting of composite metal oxide catalysts, metal
oxide catalysts, and clay catalysts.

[0030]

Regarding the first and the second aspects, the solid
acid catalyst may contain at least one type of metal element
selected from the group consisting of the group 2, the group
3, the group 4, the group %, the group 8, the group 10, the
group 11, the group 13, and the group 14 in the periodic
table.

[0031]

Regarding the second aspect, the organic compound may
be at least one type selected from the group consisting of
alcohols, silylating agents, and carbonates.

[0032]



surface hydroxyl groups to contact with an organic conpound and/or an

i norgani ¢ conpound, which can react or interact wth the surface hydroxyl
groups and which is other than the resulting polyether, is conducted and,
thereafter, the reaction is conducted. Consequently, a polyether having a
narrow nol ecul ar wei ght distribution can be produced stably, and the
anount of catalyst to be used can be reduced. That s, in the production
of the polyether, since deterioration of the performance of the catal yst
(catal yst activity) over tinme is prevented, the usage of catalyst per unit
amount of pol yether can be reduced: Furthernore, since deterioration - 16
of the nol ecular weight distribution over tine is also prevented, a

hi gh-qual ity pol yet her having excellent properties, e.g., heat resistance,

can be produgggangQQBael B Q‘E sﬁaet e%@cénﬁokﬁgé‘ék@anﬁrgk EQSéb' ke i's

further pro y “usli ng t e polyet whi ch beén pro uce

accor di 14RE JHeH! 1Y RREUME RPRLCL ANt gMdfeh t Ofp%ly?rf’érr&%‘é(t%hecu' ar

wei ght |s |but|on as a raw material, the ™ anoun | uent required

for adj lf%tald%qc;rh%owa%cw tprotdalcé‘r%k%cﬂ%trmctl @R E9§§heh§a@anleelgeduced
and an advant ageous effect can be éexpéected fromthe viewpoint of the cost

and t he pReedUciiI tthat] G038lc1 iBhe terodigRitLS c2GeQr i@ trankghre first and
t he second aspects will be described belowin detail. However, the

opening polymerization reaction in the presence of a
carboxylic anhydride and/cr a carboxylic acid so as to
produce a polyether.

{0033]

Regarding the first and the second aspects, the solid
acid catalyst may be produced by conducting a homogeneous
precipitation method in carrier pores.

[0034]

| According to the first and the second aspects, a
treatment for allowing the solid acid catalyst having
surface hydroxyl groups to contact with an organic compound
and/or an lnorganic compound, which can react or interact
with the surface hydroxyl groups and which is other than the
resulting polyether, is conducted and, thereafter, the
reaction is conducted. Consequently, a polyether having a
narrow molecular weight distribution can be produced stably,
and the amount of catalyst to be used can be reduced. That
is, in the production of the polyether, since deterioration
of the performance of the catalyst (catalyst activity) over
time is prevented, the usage of catalyst per unit amount of

polyether can be reduced. Furthermore, since deterioration



foll ow ng description of constituent features is an exanple (typical
exanpl e) of execution forns of the first and the second aspects, and the
first and the second aspects are not specifically limted to these
contents within the bounds of the gist. [0037] [Solid acid catalyst] The
solid acid catalyst to be used in the first and the second aspects wll be
descri bed. The solid acid catalyst to be used in the first and the - 17
second aspects is a solid acid catal yst having the amount of surface
hydroxyl group of 0.1 to 2.5 nol/n2 and the anmount of acid exhibiting pKa
of -5.6 or less of 20 pnol/g or nore.16 Fhe above-described solid acid

catal yst having a small anount of surface hydroxyl group and a | arge anopunt
of acid can be produced by, for exanple, allowing a solid acid catalyst

andl of Phor panr LSS a Ao b=t e AP S PR E Sur race
S T e B S i e R AR e
hydr oxyhrgpauRset; OF. g QURSh tak8sREEaRRE, eanabéugkaeﬁcga a metal and/or a
carrier (|nclud|ng i nner surfaces of cafrier por [0039]
[0035]
In the case where a polyurethane or the like is further
produced by using the polyether, which has been produced
according to the first or second aspect and which has a
narrow molecular weight distribution, as a raw material, the
amount of a diluent required for adjusting the viscosity to
make the reaction possible can be reduced, and an
advantageous effect can be expected from the viewpoint of
the cost and the productivity.
[0036]
The embodiments according to the first and the second
aspects will be described below in detail. However, the
following description of constituent features is an example
(typical example) of execution forms of the first and the.
second aspects, and the first and the second aspects are not
specifically limited to these contents within the bounds of
the gist.
[0037]
[Solid acid catalyst]
The solid acid catalyst to be used in the first and the

second aspects will be described.

The solid acid catalyst to be used in the first and the



More specific exanples of solid acid catal yst having surface hydroxyl
groups include zeolite and the |Iike having crystal structures of M-I, X
Y, and the like; nmetal oxides, &e.g., silica, alumna, titania, and
zirconia; conposite netal oxides, e.g., silica-titania, silica-alumna,
silica- zirconia, and alumna-titania, in which a plurality of netal

oxi des are conbi ned; support type acid catalysts in which conpounds, e.g.,
sul furic acid, heteropolyacid, and Nafion, having an acidic property or
nmetal oxides different from- 18 carriers are supported by netal oxides or

activated carbon serving as carrierst’ ctay and the like, e.g., |ayered
silicate; and clay and the |ike supporting conpounds having an acidic
property, nmetals, or netal oxides. [0040] Most of all, in the cases where

conposi e pliak spxicdes 1 sand ssURROLL 1Y PA rad@tCakbalinst $har emssed, of _
silica-zirconia, silica-alumna, zirconia supported by silica, and al um na

support ¢ % el hiyedoake Rablipcelranl.y poeberapiel /kfi bhe thasemwhete clay
and the like, e.gd., layered silicate, are wused, usually, kaolinite,

smectitefr ardd kehibke iake pKEERI oBed. cAmirgst e 2eqmiciigg bt msrpref erabl e
that nontnorillonite is used. Preferably, clay and the |ike are wused as
act i vat etheC bdypveashed riibell amldd dcoildt dasalyatt hewliadg v pmeflér abl e t hat
activated clay which is nontnorillonite washed with an acid is used.
[ 0041] amount of surface hydroxyl group and a large amount of acid

can be produced by, for example, allowing a solid acid

catalyst having surface hydroxyl groups to contact with a

specific organic compound and/ox inorganic compound.

[0038]

{Solid acid catalyst having surface hydroxyl groups}

The solid acid catalyst having surface hydroxyl groups
in the first and the second aspects refers to a solid acid
catalyst in which hydroxyl groups (-OH groups} are present
on a surface of a metal and/or a carrier (including inner
surfaces of carrier pores).

[0039]

More specific examples of solid acid catalyst having
surface hydroxyl groups include zeolite and the like having
crystal structures of MFI, X, Y, and the like; metal oxides,
e.g., silica, alumina, titania, and zirconia; composite
metal oxides, e.g., silica-titania, silica-alumina, silica-
zirconia, and alumina-titania, in which a plurality of metal
oxides are combined; support type acid catalysts in which

compounds, e.g., sulfuric acid, heteropolyacid, and Nafion,

having an acidic property or metal oxides different from



These solid acid catalysts may be used alone or a mxture of at |east two
types may be used. [0042] Known technol ogies can be used as the process
for production of the above-described solid acid catalyst having surface
hydr oxyl groups, and the process is not specifically |imted.
Specifically, the production can be conducted by ‘production processes
descri bed in Japanese Unexam ned Patent - 19 Application Publication No.
9- 241374, Japanese Unexam ned Patent Application Publication No.

2000- 327770, and the like. [0043] In particular, it is preferable that the
.solid acid catalyst to be used accorggng to the first and the second
aspects is a solid acid catalyst in which a honbgeneous precipitation

met hod i s conducted in pores of a carrier and, thereby, a netal hydroxide
and/ or a _net.al oxide in_ a fi.ne dispersi.on-state i s supported

h ,
i n por eSS 5 e A& ﬁué)rp.or&r?o g’ﬁ‘%\%g:%glf Br6ESs €5 G- ICGFP8P a sol i d
id t al st havi f hyd | th i f th
homgen S i e & (TRt ioh Setay MG B daderi Bed-belaWer0044] The
h ipitati th S . ted, by, f .
Pomdencais 3535 Bislioh TLNGR 3 GUEESS e 0L BraPlS .

nhich g%ﬂe%ih%icagE%ﬁgﬂ@ ,a%%t%ﬁ%QU%Q m%t%ﬂegkﬁﬁgsheaCtion’ €.g.
ydrolysis, 1n a solution, at the
[0040]

Most of all, in the cases where composite metal oxides
and support type acid catalysts are used, silica-zirconia,
silica-alumina, zirconia supported by silica, and alumina
supported by silica are particularly preferable. In the
case where clay and the like, e.g., layered silicate, are
used, usually, kaolinite, smectite, and the like are
mentioned. Among the smectite, it is preferable that
montmorillonite is used. Preferably, clay and the like are
used as activated clay washed with an acid. It is
particularly preferable that activated clay which is
montmorillonite washed with an acid is used.

[0041]

These solid acid catalysts may be used alone or a
mixture of at least two types may be used.
[0042]

Known technologies can be used as the process for
production of the above-described solid acid catalyst having
surface hydroxyl groups, and the process is not specifically

limited. Specifically, the production can be conducted by

production processes described in Japanese Unexamined Patent



sane time, and subjecting the inpregnated carrier to a treatnent, e.g., a
heat treatnment, for generating the precipitant fromthe precipitant
precursor. For the honbgeneous precipitation nmethod, it is inportant that
the metal salt and the precipitant precursor constitute a liquid phase,
that is, a solution. Therefore, the carrier is inpregnated with an

i npregnation solution including the - 20 netal salt and the precipitant
precursor and, thereafter, the treatnment for generating the precipitant
fromthe precipitant precursor is conducted. [0045] (1) Carrier The
carrier is not specifically limted: However, netal oxides, conposite
nmetal oxides, zeolite and the like, and clay and the |ike are preferable.
Silica, alumna, zirconia, titania, silica-alumna, silica-zirconia, and

Si 11 ca- i ANl e @ BIRNG PhALA Ao Ddilxa, iidide d2iioed a are

particu y preferable. [0046] The particle dianeter, the pore dianeter,

and the QIR+ IR Lfs drhep garid a1 o endli f2eoent2Tiepending oRe useReand
application fornms of the solid acid catalyst, and cannot be univocally

speci fi q@o49047] These carriers may be used alone or at |east two types
may be used in conbination

In particular, it is preferable that the solid acid
catalyst to be used according to the first and the second
aspects is a solid acid catalyst in which a homogeneous
precipitation method is conducted in pores of a carrier and,
thereby, a metal hydroxide and/or a metal oxide in a
homogeneous, fine dispersioﬁ.state is supported in pores of
the carrier.

An example of process for production of a solid acid
catalyst having surface hydroxyl groups on the basis of the
homogeneous precipitation method will be described below.
[0044]

The homogeneous precipitation method is conducted by,
for example, impregnating a carrier with a metal salt and a
precipitant precursor, which generates a precipitant through
a chemical reaction, e.g., hydrolysis, in a solution, at the
same time, and subjecting the impregnated carrier to a
treatment, e.g., a heat treatment, for generating the
precipitant from the precipitant precursor. For the
homogeneous precipitation method, it is important that the
metal salt and the precipitant precursor constitute a liquid

phase, that is, a solution. Therefore, the carrier is

impregnated with an impregnation solution including the



[0048] (2) Metal hydroxide and/or netal oxide The netal hydroxi de and/or
the nmetal oxide to be supported by the above-described carrier is not
specifically limted. It is usually a hydroxide and/or an oxide of a
nmetal elenent of groups 2 to 14 in the periodic table, 21 preferably a
‘hydr oxi de and/ or an oxide of at |east one type of netal elenent selected
fromthe group consisting of the group 2, the group 3, the group 4, the
group 5, the group 8, the group 10, the group 11, the group 13, and the
group 14 in the periodic table, nore preferably a hydroxi de and/or an
oxi de of at |east one type of netal-eement selected from the group
consisting of Ti, Zr, H, No, Al, Cu, Ni, Ca, Fe, and Si, and particularly
preferably a hydroxi de and/or an oxide of at |east one type of netal

| | f . f Ti 7 Al | ., N, d Nb.
£004e] m?%;a VEELt S20 thAcoetiPiEan? By eldraos and | kECKBACERObUS |
i pi th ta f which th b - d i bed t
P on GEeLRdPAERARE 2 Zﬁge&f.raélpg 55< Bushorced by ThE FBSUI ting solid |

acid catalyst ener t e, is usually a salt of the
above- d8§c¥l§eg%n% E?F%hﬁgbr °§§§§%§ 2 to 14 in the periodic table,

preferagbﬁ glnetal el enent selected fromthe group consisting of the
groups é 4, 5, 8, 10, 11, 13, and 14,

{1) Carrier

The carrier is not specifically limited. However, metal
oxides, composite metal oxides, zeolite and the like, and
clay and the like are preferable. Silica, alumina, zirconia,
titania, silica-alumina, silica-zirconia, and silica-titania
are more preferable. Silica, alumina, and zirconia are
particularly preferable.

[0046]

The particle diameter, the pore diameter, and the pore
volume of the carrier are different depending on uses and
application forms of the solid acid catalyst, and cannot be
univocally specified.

[0047]

These carriers may be used alone or at least two types

may be used in combination.
[0048]
(2) Metal hydroxide and/or metal oxide

The metal hydroxide and/or the metal oxide to be
supported by the above-described carrier is not specifically
limited. It is usually a hydroxide and/or an oxide of a

metal element of groups 2 to 14 in the periodic table,



nore preferably Ti, Zr, H, No, A, Si, Cu, Ni, Ca, or Fe, and
particularly preferably Ti, Zr, A, Nb, Cu, or Ni. [0050] The type of the
salt is not specifically [imted. However, a nitrate, an acetate, a

sul fate, an oxynitrate, a - 22 chloride, or an oxychloride is preferable,
and an oxynitrate, an oxychloride, or a sulfate is nore preferable. [0051]
That is, for the netal salt, a nitrate, an acetate, a sulfate, an
oxynitrate, a chloride, or an oxychloride of a nmetal of the groups 2 to 14
in the periodic table is preferable, and zirconiumoxynitrate, zirconium
oxychl oride, zirconiumsulfate, titani umchloride, alumnumsulfate, or

ni obi um oxychloride is further preferable. [0052] These netal salts may be
used alone or at least two types may be used in conbination. [0053] (4)

Preci pi {3t Ra@aY" $0hyERS xRHRC aPid/aRt apr e&dtEobfuRdengass anehegpeal
reaction, e.g., hydrolysis, by a treatnent, e.g., heating, in an

i mpregnatd eRthneal@arhtS et cheddEiemtaea gibegl piohantstiflye ofptaei pi t ant
reacts with a netal salt in the inpregnation solution so as to cause

preci pi yabbupn 29f taemgtraliphBdr atiedgroupndng thieegirpiuicant, hec grsops 8, a
preci pitant precursor which generates a base as a precipitant, that is,
t he preghp amup 10, the group 11, the group 13, and the group 14
in the periodic table, more preferably a hydroxide and/or an
oxide of at least one type of metal element selected from
the group consisting of Ti, Zr, Hf, Wb, Al, Cu, Ni, Ca, Fe,
and Si, and particularly preferably a hydroxide and/or an
oxide of at least one type of metal element selected from
the group consisting of Ti, Zr, Al, Cu, Ni, and Nb.
[0049]
{3) Metal salt
The metal salt to be used in the homogeneous
precipitation method is a metal salt, from which the above-
described metal hydroxide and/or the metal oxide to be
supported by the resulting solid acid catalyst is generated,
and therefore, is usually a salt of the above-described
metal element of groups 2 to 14 in the periodic table,
preferably a metal element selected from the group
consisting of the groups 2, 3, 4, 5, 8, 10, 11, 13, and 14,
more preferably Ti, Zr, Hf, Nb, Al, Si, Cu, Ni, Ca, or Fe,
and particularly preferably Ti, Zr, Al, Nb, Cu, or Ni.
[0050]
The type of the salt is not specifically limited.

However, a nitrate, an acetate, a sulfate, an oxynitrate, a



precursor which generates a base through hydrolysis or other chemca
reaction in the inpregnation solution and increases the pH of the solution
So as to precipitate a netal salt as a hydroxide or an oxide, is referred
to as a "base 23 - precursor”. [0054] The precipitant precursor for
conducting the honpbgeneous precipitation nethod is not specifically
limted. However, in general, the base precursor is used. [0055] For the
base precursor, urea, cyanuric acid, alkyl- substituted urea, thiourea,

al kyl -substituted thiourea, am de conpounds conposed of am nes and
carboxylic acids, and the |ike are-usged- Preferably, urea, cyanuric acid,
and al kyl-substituted urea are used. It is particularly preferable to use
urea and cyanuric acid fromthe viewoint of the ease of availability and

the cost. These base recur,sors, may, be used al one or ,at | east.{wo, types
may be AT 17 rc ot HatTON L OOKE] 11 59 BRSTE° Kibstaflce NGEYBAE§= Ehe
above-describeqﬂ9%§eepr%ﬁyrsg£i #%ﬁz al so a pregfggrq:ned anount of basic
substanéiélr%%}r e adﬁ%d {6 thé li F%dﬁh?F&F $619 eiéﬁ’eh advance in order to
increasgxkﬂﬁij wi thin the bounds of not causing precipitation.. It is also
possi bl e 10 reduce the usage of the base precursor and the

That is, for the metal salt, a nitrate, an acetate, a
sulfate, an oxynitrate, a chloride, or an oxychloride of a
metal of the groups 2 to 14 in the periodic table is
preferable, and zirconium oxynitrate, zirconium oxychloride,
zirconium sulfate, titanium chloride, aluminum sulfate, or
niobium oxychloride is further preferable.

[0052]

These metal salts may be used alone or at least two

types may be used in combination.
[0053]
(4) Precipitant precursor

The precipitant precursor undergoes a chemical reaction,
e.g., hydrolysis, by a treatment, e.g., heating, in an
impregnation treatment so as to generate a precipitant. The
precipitant reacts with a metal salt in the impregnation
sclution so as to cause precipitation of a metal hydroxide.
Among precipitant precursors, a precipitant precursor which
generates a base as a precipitant, that is, the precipitant
precursor which generates a base through hydrolysis or other
chemical reaction in the impregnation solution and increases
the pH of the solution so as to precipitate . a metal salt as

a hydroxide or an oxide, 1is referred to as a "base



time required to generate precipitation by using the basic substance.
[0057] - 24 The basic substance is not specifically limted. Exanples

t her eof include hydroxi des, carbonates, bicarbonates, phosphates, and
acetates of alkali netals, alkaline earth netals, and amoni uny ammoni a;
and organic am nes. Amonia; organic am nes; and carbonates,

bi car bonat es, and phosphates of ammoni um are preferable, and ammoni um
car bonat es and anmoni um bi carbonates are nore preferable. [0058] These
basi ¢ substances may be used alone or_at least tw types nmay be used in
conbi nati on. [0059] (6) InpregnatiﬁnzéoTution Usual Iy, the inpregnation
solution is prepared by dissolving the above-described netal salt, the
preci pitant precursor and, if necessary, the basic substance into water.
[0060] Fhecpnantrations of the netal salt and the precipitant precursor
in the inpregnation solution are not specifically [imted, insofar as the
di ssol utfipge4astate is maintained and the concentration is suitable for
realizing a favorable anount of support by a carrier described |ater.
Usual | y, theThet gkegdbti teancentratisor if&r0cObduotb@apeheent

homogeneous precipitation method is not specifically limited.
However, in general, the base precursor is used.
[0055]

For the base precursor, urea, cyanuric acid, alkyl-
substituted urea, thiourea, alkyl-substituted thiourea,
amide compounds composed of amines and carboxylic acids, and
the like are used. Preferably, urea, cyanuric acid, and
alkyl-substituted urea are used. It 1s particularly
preferable to use urea and cyanuric acid from the viewpoint
of the ease of availability and the cost. These base
precursors may be used alone or at least two types may be
used in combination.

[0056]
(5) Basic substance

Not only the above~described base precursor, but also a
predetermined amount of basic substance may be added to the
impregnation solution in advance in order to increase the pH
within the bounds of not causing precipitation. It is also
possible to reduce the usage of the base precursor and the
time required to generate precipitation by using the basic
substance. |

[0057]



by weight, preferably 0.1 to 40 percent by weight, and particularly
preferably 0.5 to 30 percent by weight. The - 25 precipitant precursor is
0.1 to 10 tines the theoretical anount sufficient for precipitating the
entire metal salt, preferably 0.2 to 8 times, and particularly preferably
0.3 to 5 tines, as described later. [0061] The basic substance is used
appropriately in such a way that a required pH condition is obtained. That
is, since the pH condition required for generating precipitation is

di fferent depending on the types and the concentrations of the netal salt
and the precipitant precursor to be used, the basic substance is used at
an anount required in accordance wth these conditions. [0062] In order
to conduct the honbgeneous precipitation nmethod in the carrier, it is

recursor ar henbaste GupACRRERLLS RAE PeccalirallVul tBHESRate i n the
or ecur oSBT %%'nf% ' °@atb§fn?.{l&d§ PRt Cagha %%F%%‘? Subst ances. ot her
t han th .above crlb | east._one alt and _the
or oci pi ARG FPEETReor D) PRE S 068 #Eg‘?f ek ehaitnbFAiregnat i on
SO|Ut'Oglkah99%3ha&E% M%qgg%ne%%% %%%% Eh&@t%%ﬁoggghognd organic |
amines. Ammonia; organic amines; and carbonates,
bicarbonates, and phosphates of ammonium are preferable, and
ammonium carbonates and ammonium bicarbonates are more
preferable.
[0058]
These basic substances may be used alcone or at least
two types may be used in combination.
[0059]
(6) Impregnation solution
Usually, the impregnation solution is prepared by
‘dissolving the above-described metal salt, the precipitant
precursor and, if necessary, the basic substance into water.
[0060]
The concentrations of the metal salt and the
precipitant precursor in the impregnation solution are not
specifically limited, insofar as the dissolution state is
maintained and the concentration is suitable for realizing a
favorable amount of support by a carrier described later.
Usually, the metal salt concentration is 0.01 to 50 percent
by weight, preferably 0.1 to 40 percent by welght, and

particularly preferably 0.5 to 30 percent by weight. The



<Met hod for inpregnating carrier with inpregnation solution> 26 The nethod
for inpregnating the carrier with the above- descri bed inpregnation
solution is not specifically limted. However, it is preferable that a
pore-filling method is conducted in order to allow the carrier to
uniformy support the netal salt. In this case, it is preferable that the
vol ume of the inpregnation solution, with which the carrier is

i npregnated, is 60%to 120% of the carrier pore volume, further preferably
70%to 110% and particularly preferably 80%to 105% If the anount of
liquid is too small, the inpregnati &b solution do not uniformy enter
carrier pores, and nonuniformty results. Conversely, if the anount is too
| arge, the inpregnation solution adheres to the outer surface of the

carrier r%%qqugH%L%§%E§%¥P%lig hegults 4 g Egg%é]tﬁ@yt%gggggigg@ be sel ected

as the gnnun to be support the carrier through

| Mpr egnag ) an. sH%%g%ﬁtntt%%ﬁgggggﬁ.H%a%%ﬂ%lkﬁeoeg%iE% r@tRer cank by weight

relative to the weig of t carrier, preferably 0.05 to 40 percent by

vel ght, o3¢ clupiien . or etepaklined, 1 ha Rakeanl1 Dyrezahbiysually, the
anount t he supported precipitant precursor is specified to be within

the rangg @f +Qmist 044056l rii @kl 10f-ch0l € ratio, where the theoretical
anount sufficient for precipitating the entire nmetal salt supported by

the carripes1ijs assunmed to be 1, preferably within the range of 0.2 to 8,
and further preferably within the range

The basic substance is used appropriately in such a way
that a reguired pH condition is obtained. That is, since
the pH condition required for generating precipitation is
different depending on the types and the concentrations of
the metal salt and the precipitant precursor to be used, the
basic substance is used at an amount required in accordance
with these conditions.

[0062]

In order to conduct the homogeneous precipitation
method in the carrier, it is necessary that at least one
type of metal salt and the precipitant precursor are in a
liquid phase, that is, a dissolution state in the
impregnation solution, before a treatment, in which the
precipitant precursor is converted to a precipitant, is
conducted. Substances other than the above-described at
least one type of metal salt and the precipitant precursor
may be present in any state in the impregnation solution.
[0063]

(7) Homogeneous precipitation method

<Method for impregnating carrier with impregnation solution>



- 27 - of 0.3 to 5. [0065] <Method for generating and after-treating
precipitation> A treatnent, e.g., heating, for converting the precipitant
precursor to a precipitant is conducted while the netal salt and the
preci pitant precursor, which are supported by the carrier through
inpregnation of the carrier wth the inpregnation solution, renmain in the
state of solution in carrier pores, and the netal salt is converted to a
correspondi ng netal hydroxide by the precipitant honbgeneously generated
in the inside of the carrier. [0066] _In general, a base precursor is used
as the precipitant precursor, and h olysis of the base precursor through
heating is used as the treatnent for converting the base precursor to a
base. [0067] As described above, in order to conduct the honbgeneous
preci pi t ati oDhaeh&odod Nfbheinaregrat PAGeshei tatr8icequitiedthé hatoat- | east
one type of netal salt and the precipitant precursor are in the state of a
sol uti odesthrdbetds impreggaicdonpbadeatibef asenbhespredtfieat lyi dimited.t he
preci pitant precursor is converted to the precipitant, is conducted.
However Howalystrandéts iot bee femablehéhabovepdeserfiibedngt meehstl iene type of
nmetal salt and the precipitant precursor nmay be - 28 -

conducted in order to allow the carrier to uniformly support

the metal salt. In this case, it is preferable that the

volume of the impregnation solution, with which the carrier

is impregnated, is 60% to 120% of the carrier pore velume,

further preferably 70% to 110%, and particularly preferably

80% to 105%. If the amount of liguid is too small, the

impregnation solution do not uniformly enter carrier pores,

and nonuniformity results. Conversely, if the amount is too

iarge, the impregnation solilution adheres to the outer

surface of the carrier, and nonuniformity also results.

[0064]

Any amount can be selected as the amount of metal salt

to be supported by the carrier through impregnation.

However, the amount is usually 0.01 to 50 percent by weight

relative to the weight of the carrier, preferably 0.05 to 40

percent by weight, and further preferably 0.1 to 30 percent

by weight. Usually, the amount of the supported precipitant

precursor is specified to be within the range of 0.1 to 10

in terms of mole ratio, where the theoretical amount

sufficient for precipitating the entire metal salt supported

by the carrier is assumed to be 1, preferably within the

range of 0.2 to 8, and further preferably within the range



in any state. [0068] In the case where the base precursor is converted to
t he base through hydrolysis reaction effected by heating, a heating
tenperature within the range of 50C to 300C is usually adopted, and
preferably the range of 60C to 200C is adopted. The heating tenperature
can al so be changed over tine. If the heating tenperature is too low, a
reaction of generation of the precipitant fromthe precipitant precursor
may not occur or a very long tine may be taken. If the heating tenperature
is too high, in sone cases, the entinp_yater required for hydrol ysis may
be renoved before the reaction of'gé%eration of the precipitant fromthe
preci pitant precursor is finished. In order to conduct a good, stable
honbgeneous precipitation nmethod, it is preferable that 5% or nore of

wat er i Bftbe3i mprégnati on solution, with which the carrier has been

i npregnated, remains at the point in tine when the precipitation

gener at if6fA6béaction is finished, and further preferably 10% or nore of
water remains. [0069] The heating of the carrier inpregnated with the

i mpr egnalebhodofari oangagtbegcendusfedririrentisparseccapwhpEhonthe support
carrier does not nove as in a fixed-bed heating apparatus. However,
particul arl yAi Bresdenente ahgre Bedbine - TOD conveht By EBhtal yst is

prepared, it is nore preferable that a _ ,
precipitant precursor to a precipitant is conducted while

the metal salt and the precipitant precursor, which are
supported by the carrier through impregnation of the carrier
with the impregnation solution, remain in the state of
solution in carrier pores, and the metal salt is converted
to a corresponding metal hydroxide by the precipitant
homogeneously generated in the inside of the carrier.

{0066]

In general, a base precursor is used as the precipitant
precursor, and hydrolysis of the base precursor through
heating is used as the treatment for converting the base
precursor to a base.

[0067]

As described above, in order to conduct the homogeneous
precipitation method in the carrier pores, it is required
that at least one type of metal salt and the precipitant
precursor are in the state of a solution, that is, a ligquid
phase, before the treatment, in which the precipitant
precursor is converted to the precipitant, is conducted.
However, substances other than the above-described at least

one type of metal salt and the precipitant precursor may be



fluidi zed- bed apparatus, a rotary heating apparatus, and the 1|ike are used
wherein the support carrier is fluidized. In the case where vapori zation
of water occurs during heating, it is believed that when the support
carrier is fluidized, the amount of vaporization of water does not vary on
a particle of the support carrier basis and, therefore, the honogeneity
is further inproved. [0070] |If vaporization of water during heating is too
fast, the entire water may be renoved before the hydrolysis of the base
precursor is conpleted and, thereby, the precipitant nmay not be supplied
sufficiently. Therefore, usually, _complete renoval of water is conducted
desirably in such a way that the water is renoved conpletely over 1 hour
or nore, preferably 3 hours or nore, and further preferably 6 hours or
nore after the heating is started and the precipitation generation
reacti oAnj @nfyj gitele€d. [0071] |If necessary, the resulting catalyst is
washed mnth wat er, an al kal i ne aqueous sol ution, an aci d -aqueous
sol uti o 004§ organi c solvent, or the |ike and is dried Thereafter, firing
is conducted_in an at nosp here of an inert ni trogen or argon, or
an atnnspherénoF %nca6§|UF%Fﬁgt%%sba%egpre% FSBF h d??%ﬁ%ﬁF yoen gas, so
that a - sol i g aC|g atal yst _havin desi_red r nce can_be
bt i nedleTHE SRe St AY En T 1P PLYG 1Eot B beGHo CAE CCHPE PYmBeating, a

heating temperature within the range of 50°C to 300°C is

usually adopted, and preferably the range of 60°C to 200°C

is adopted. The heating temperature can also be changed

over time. If the heating temperature is too low, a

reaction of generation of the precipitant from the

precipitant precursor may not occur or a very long time may

be taken. If the heating temperature is toc high, in some

cases, the entire water required for hydrolysis may be

removed before the reaction of generation of the precipitant

from the precipitant precursor is finished. In order to

conduct a good, stable homogeneous precipitation method, it

is preferable that 5% or more of water in the impregnation

solution, with which the carrier has been impregnated,

remains at the point in time when the precipitation

generation reaction is finished, and further preferably 10%

or more of water remains.

[0069]

The heating of the carrier impregnated with the
impregnation solution may be conducted in the state in which

the support carrier does not move as in a fixed-bed heating

apparatus. However, particularly in the case where a large



is usually 100C to 1, 200C, preferably 300C to 1,100C, and further
preferably 500C to 1,000C. The catalyst activity and the stability of the
resulting solid acid catalyst can be inproved by conducting the
above-described heating and firing. [0072] However, all the
above-descri bed steps are not always necessary insofar as a solid acid
cat al yst having surface hydroxyl groups are obtained finally. Therefore,
the production steps thereof are not specifically limted. [0073]
Preferably, the amobunt of the supported netal hydroxide and/or netal oxide
of the solid acid catalyst relativet®® the carrier is 0.05 to 40 percent
by weight and, in particular, 0.1 to 30 percent by weight. [0074] {Method
for treatnment with organic conpound and/ or inorganic conpound} The organic

fi ld i
corrpoungrrﬁ%g{ gg fts [}%fegggf %@J%Q%d ¥ id hRAtd RE-dhe3ald draei d

cat al yst groups, preferably the solid acid

cat al ystflwoq@éaa%e@ea@pa%t@sne% B e %%@T@ewpaa%&mw&ms

precipitation nethod and whi ch has surface hydroxyl groups, is a conpound
- 31 wRijgh rBacts ey tihdha s W ghuhondr reups @il el dinaci d

catal yst and/or a conpound which exerts an interaction. Specific exanples
t her eof vieclade ahohsparigatimet kehalater occurs during heating,
it is believed that when the support carrier is fluidized,
the amount of vaporization of water does not vary on a
partiéle of the support carrier basis and, therefore, the
ﬁomogeneity is further improved.
00701

If vaporization of water during heating 1s too fast,
the entire water may be removed before the hydrolysis of the
base precursor is completed and, thereby, the precipitant
may not be supplied sufficiently. Therefore, usually,
complete removal of water is conducted desirably in such a
way that the water is removed completely over 1 hour or more,
preferably 3 hours or more, and further preferably 6 hours
or more after the heating is started and the precipitation
generation reaction is finished.

[0071]

If necessary, the resulting catalyst is washed with
water, an alkaline aqueous solution, an acid aqueous
solution, an organic solvent, or the like and is dried.
Thereafter, firing is conducted in an atmosphere of an inert
gas, e.g., nitrogen or argon, or an atmosphere of an

oxidizing gas, e.g., air or a diluted oxygen gas, so that a



and et hanol; ethers, e.g., diethylether; esters, e.g., nmethyl acetate and
ethyl acetate; acylating agents, e.g., acetic acid, acetyl chloride, and
acetic anhydride; carbonates, e.g., dinmethyl carbonate and di et hyl
carbonate; silylating agents, e.g., trinmethylsilyl acetate,
trimethylsilyl chloride, t-butyldinethylsilyl chloride,
hexanet hyl di si | oxane, trinethylsilane, diethylnethylsilane, and
triethylsilane; metal hydroxides; netal chlorides; and netal anm ne
conpl exes. Here, exanples of metal hydroxides, netal chlorides, and netal
amm ne conpl exes include copper cht otd de, nickel chloride, tetraamm ne
copper dichloride, hexaanmm ne nickel dichloride, tetraanm ne copper
dinitrate, and hexaanmm ne nickel dinitrate. Mst of all, alcohols,

esters, sagyliatbicid 2@enlsystCaERanyt es dedndesi khdbirmandeerbs pare
preferable, and al cohols, carbonates, and silylating agents are nore

pr ef er abbeaihedpar theuhaatingt haaokirisyhasspberaet byl aacehas eximé hyl
acetate, dinmethyl carbonate, diethyl carbonate, trinethylsilyl acetate,
tri met hylssiusaaé ly dioét’ky lkeethRlosi’lCangredid alorliyveBiopl°si ltane ,ane °pr, ef er abl e
from the viewpoint of the reactivity with the surface hydroxyl groups,
ease of anenfualthefr pmedacted yoS§ariCe toodp0nds,. afde thealyke. These
organi ¢ conpounds and/or inorganic - 32 conpounds nmay be used al one or a
m xt ur eactiattiyeasd tthe stppddifyy ofe theedes00725py sPHédnmechdd for treating
the solid acid catalyst with

catalyst can be improved by conducting the above~described

heating and firing.

[0072]

However, all the above-described steps are not always
necessary insofar as a solid acid catalyst having surface
hydroxyl groups are obtained finally. Therefore, the
production steps thereof are not specifically limited.

[0073]

Preferably, the amount of the supported metal hydroxide
and/or metal oxide of the solid acid catalyst relative to
the carrier is 0.05 to 40 percent by weight and, in
particular, 0.1 to 30 percent by weight.

[0074]
{Method for treatment with organic compound and/or inorganic
compound}

The organic compound and/or the inorganic compound for
treating the solid acid catalyst having surface hydroxyl
groups, preferably the solid acid catalyst which has been

obtained by the above-described homogeneous precipitation

method and which has surface hydroxyl groups, is a compound



the organic conpound and/or the inorganic conpound is not specifically
limted, and any one of a liquid phase and a gas phase can be adopted. For
the |iquid phase, any one of a batch type and a flow type can be adopted.
[0076] In the case of the liquid phase and the batch type, the treatnent
of the solid acid catalyst with the organic conpound and/or the inorganic
conpound can be conducted by putting the solid acid catalyst having
surface hydroxyl groups directly into the organic conpound and/or the
hpﬁr?anlctﬁonpound_for t he taeatg?nt or into a solution prepared by

di luting e organi c conpound and/ er 3Fithe- i norganic conpound with an
inactive solvent and conducting a heat treatment. [0077] |In this case,
rega{ﬁlngthhe usage Ff the organic conpound and/or the inorganic conpound,
usual l'y,  the upper pmt.is 10 _tines. or, | , he - rehhbmgt is 0.1
tines lHP}ﬁBréegﬁFﬁtW%ghtBhthugﬁﬁﬁﬁehgpr9%§§cgggﬂyétSnggge?g% y, the
upper lim.t, is _8.tinmes _aqr, | ess e rolimt i : I or nore,
and norécﬁPeFéFE%Vﬁttﬁggdﬁﬁe? Pﬁggubg ghggﬁ F%%gggo?ﬁléggérgﬁggﬁﬂé | ower

limt is 0.3 tines r th e or gapi c and/ or
t he ino?&%ﬁ%élcc8%8% %ggighF%%O a%gg?%?%eagggﬁggf't%éaéfgggggggg%pound

and/or Lhg LORLABAIC.ERERAUNG Lnor easeny 18R Lhe dkeadsof . gemovi ng
organi ¢ conpounds an [or i nor gani c

methyl acetate and ethyl acetate; acylating agents, e.g.,
acetic acid, acetyl chloride, and acetic anhydride;
carbonates, e.g., dimethyl carbcnate and diethyl carbonate;
silylating agents, e.g., trimethylsilyl acetate,
trimethylsilyl chloride, t-butyldimethylsilyl chloride,
hexamethyldisiloxane, trimethylsilane, diethylmethylsilane,
and triethylsilane; metal hydroxides; metal chlorides; and
metal ammine complexes. Here, examples of metal hydroxides,
metal chlorides, and metal ammine complexes include copper
chloride, nickel chloride, tetraammine copper dichloride,
hexaammine nickel dichloride, tetraammine copper dinitrate,
and hexaammine nickel dinitrate. Most of all, alcohols,
esters, acylating agents, carbonates, and silylating agents
are preferable, and alcohols, carbonates, and silylating
agents are more preferable. In particular, methanol,
ethanol, methyl acetate, ethyl acetate, dimethyl carbonate,
diethyl carbonate, trimethylsilyl acetate, trimethylsilane,
diethylmethylsilane, and triethylsilane are preferable from
the viewpoint of the reactivity with the surface hydroxyl

groups, ease of removal of unreacted organic compounds, and-

the like. These organic compounds and/or inorganic



conpounds increases as well. If the usage is too small, an untreated

catal yst remains. [0078] The diluent solvent is not specifically limted,
and wusually, hydrocarbons are used. Preferably, pentane, hexane, heptane,
benzene, toluene, and xylene are used. These solvents nmay be used al one or
a mxture of at least two types may be used. The concentration after
dilution is determ ned appropriately on the basis of the type of the
organi ¢ conpound and/ or the inorganic conmpound. [0079] The tenperature of
the heating is different depending on the type of the organic conpound
and/or the inorganic conmpound. Usualdy, the lower limt is 10C or higher,
and the upper limt is 200C or lower. In particular, 20Cto 150Cis
preferable. The heat treatnment tinme is also different depending on the
type of the organi c conpound and/or the inorganic conpound. However, 0.1
to 20 hoompougdsr @pyr Akl esedndlons owro21Bikdurs pPé parﬁeéatatwy preferabl e.
- 34 The treatnent with the organic conpound and/or the inorganic
conmpountiyeey Bevceeduéedd a plurality of times in order that the treatnent
is conducted sufficiently. [0080] 1In the case of the liquid phase and the
flow typ807Phe treatnent of the solid acid catalyst with the organic

The method for treating the solid acid catalyst with
the organic compound and/or the inorganic compound is not
specifically limited, and any one of a ligquid phase and a
gas phase can be adopted. For the liquid phase, any one of
a batch type and a flow type can be adopted.

[0076]

In the case of the ligquid phase and the batch type, the
treatment of the solid acid catalyst with the organic
compound and/or the inorganic compound can be conducted by
putting the solid acid catalyst having surface hydroxyl
groups directly into the organic compound and/or the
inorganic compound for the treatment or into a solution
prepared by diluting the organic compound and/or the
inorganic compound with an inactiversolvent and conducting a
heat treatment.

[0077]

In this case, regarding the usage of the oxganic
compound and/or the inorganic compound, usually, the upper
limit is 10 times or less, and the lower limit is 0.1 times
or more relative to the volume of the catalyst. Preferably,
the upper limit is 8 times or less, and the lower limit is

0.2 times or more, and more preferably the upper limit is 5



conpound and/ or the inorganic conpound can be conducted by passing
directly the organic conpound and/or the inorganic conpound for the
treatment or an organi c conpound and/or an inorganic conpound prepared by
di luting the organic conpound and/or the inorganic conpound with a sol vent
through the -solid acid catal yst having surface hydroxyl groups and
conducting heating. [0081] Any one of a fixed bed and a fluidi zed bed can
be used in a flow apparatus. The fluidized bed is preferable from the

vi ewpoi nt of ease of uniforn1treatqpq% of the catalyst. [0082] The sol vent
is not specifically limted, and usua:?y, hydr ocar bons are used.
Preferably, pentane, hexane, heptane, benzene, toluene, and xylene are
used. These solvents may be used alone or a mxture of at |east two types
may be usees oEhdesencentr dhieod owktred idiiltutiiso® -i3s td@eer min&@rgppr pri atel y
on the basis of the type of the organic conpound and/or the inorganic
conpound hfeorstagsatofefthe orggnic] co8BPURge add\WIr & tReresiics not
specifically limted. However, SV of 0. 1to 100 h 1 is preferable, and
SV of 0cempommsy its toos lggeei-c thar IOPShr Sfetilsl OT IR Ct SRPEPHNGr e of the
heating is different depending on the type of the organi.c conpound and/ or

the | NORFSMIOE EmESGFEaNUSu SOMPOUNRe YNGR 35S 1% t§C16”%hi%dher, and

removing unreacted organic compounds and/or inorganic
compounds increases as well. If the usage is too small, an
untreated catalyst remains.

[0078]

The diluent solvent is not specifically limited, and
usually, hydrocarbons are used. Preferably, pentane, héxane,
heptane, benzene, toluene, and xylene are used. These
solvents may be used alone or a mixture of at least two
types may be used. The concentration after dilution is
determined appropriately on the basis of the type of the
organic compound and/or the inorganic compound.

{0079]

The temperature of the heating is different depending
on the type of the organic compound and/or the inorganic
compound. Usually, the lower limit is 10°C or higher, and
the upper limit is 200°C or lower. In particular, 20°C to
150°C is preferable.

The heat treatment time is also different depending on
the type of the organic compound and/or the inorganic
compound. However, 0.1 to 20 hours is preferable, and 0.5

to 15 hours is particularly preferable.



the upper limt is 300C or lower. In particular, 20Cto 200Cis
preferable. The heat treatnent tinme is different depending on the type of
t he organi ¢ conmpound and/or the inorganic conpound. However, 0.1 to 20
hours are preferable, and 0.5 to 15 hours are particularly preferable. The
treatment with the organic conmpound and/or the inorganic conpound nmay be
conducted a plurality of tinmes in order that the treatnment is conducted
sufficiently. [0084] 1In the case of the gas phase, the treatnment of the
solid acid catalyst with the organic conpound and/or the inorganic
conpound can be conducted by heatiﬁg:%%r1e the organic conpound for the
treatnent or an organic conpound diluted with an inactive gas, each
organi ¢ conpound being in the gasified state, is passed through the solid

acid cat al yshe havéaemstt f ageh hyee oy afi 8UBSMpE@RE5End/S6 tHwy one of a
fixed bed and a fluidized bed can be used in a flow apparatus. The

flui di zedokedniis poepenaldl aafr Bg cbhduvicedpai pluebleasecsf tunekorim
treatment of the catalyst. [0086] Usually, nitrogen, argon, carbon dioxide
gas, hebicder tand ahe atreatmedtasst hendoackdveudiriueshegas. N trogen,
carbon di oxi de gas, and argon are preferable. These diluent gases may be
used al 6668604 a m xture of at |east two types

In the case of the liquid phase and the flow type, the
treatment of the solid acid catalyst with the organic
compound and/or the inorganic compound can be conducted by
passing directly the organic compound and/or the inorganic
compound for the treatment or an organic compound and/or an
inorganic compound prepared by diluting the organic compound
and/or the inorganic compound with a solvent through the
solid acid catalyst having surface hydroxyl groups and
conducting heating.

[0081]

Any one of a fixed bed and a fluidized bed can bé used
in a flow apparatus. The fluidized bed is preferable from
the viewpoint of ease of uniform treatment of the catalyst.
[0082]

The solvent is not specifically limited, and usually,
hydrocarbons are used. Preferably, pentane, hexane, heptane,
benzene, toluene, and xylene are used. These solvents may
be used alone or a mixture of at least two types may be used.
The concentration after dilution is determined appropriately

on the basis of the type of the organic compound and/or the

inorganic compound for treatment.



may be used. [0087] The concentration of the organic conmpound gas in the
inactive gas is not specifically limted. Usually, the concentration is
0.05 to 100 percent by nole, preferably 0.1 to 80 percent by nole, and
particularly preferably 0.1 to 50 percent by nole. [0088] The tenperature
of the heating is different depending on the type of the organi c conpound.
However, 10C to 400C is preferable, and 20C to 300C is particularly
preferable. The flow rate thereof is not specifically limted. However, SV
of 10 to 5,000 h-1 is preferable, andsSV of 30 to 4,000 h 1 is
particularly preferable. The heat treatnent time is also different
depending on the type of the organic conpound. However, 0.1 to 20 hours

is preferable, and 0.5 to 15 hours is particularly - 37 - preferable. The
treat nenfO@eth the organi c conpound and/or the inorganic conmpound may be

conducted a plurality of tinmes in  order that,the eatment i s conducted
sufficientlyghfoﬁk@W r3fe jeherees %%h?%ﬁn%ﬂe?h%%%%iLYS%ﬁm%t%%npound and/ or

e, 1okganLe Compoupd and, Lhegolvent (o be. bsgfil n. ey tygaprent of the
TherEfogg’SbthF$ is particularly preferable.

The temperature of the heating is different depending
on the type of the organic compound and/or the inérganic
compound. Usually, the lower limit is 10°C or higher, and
the upper limit is 300°C or lower. In particular, 20°C to
200°C is preferable.

The heat treatment time is different depending on the
type of the organic compound and/or the inorganic compound.
However, 0.1 to 20 hours are preferable, and 0.5 to 15 hours
are particulariy preferable.

The treatment with the organic compound and/or the
inorganic compound may be conducted a plurality of times in
order that the treatment is conducted sufficiently.

[0084]

In the case of the gas phase, the treatment of the
solid acid catalyst with the organic compound and/or the
inorganic compound can be conducted by heating while the
organic compound for the treatment or an organic compcund
diluted with an inactive gas, each organic compound being in
the gasified state, is passed through the solid acid

catalyst having surface hydroxyl groups.

[0085]



preferable that the organic conpound and/or the inorganic conmpound and the
solvent to be used in the treatnent of the solid acid catalyst are
subjected to a treatnment for renoving water to a high degree with a
dehydrating agent or the like in such a way that the water content becones
10 percent by weight or less, preferably 5 percent by weight or |ess, and
particularly preferably 2 percent by weight or I|ess. [0090] However, in

t he case where the organi c conpound and/or the inorganic conmpound to be
used in the treatnent is not deconposed by water, the treated solid acid
catalyst can be fired at a tenperatuyge of 300C or higher before being used
in a reaction, and the amount of surface hydroxyl group of the solid acid
catal yst can be kept at 2.5 pnol/g or less after firing, there is no '
probl em even_when wat

treated mﬁth$6¥g%5?c°§2ﬁ%§ﬁ%ﬂ§§hé¢§$2&?%3?@%%%%9%%L3%5§3§5ﬂ?gfégﬁiff2L23t

char act & &t (08 ABSBFRBLHY bef B 11 608ICd THER 1, BTT FE-BeT | BVEh that

oo mEREoRReRL8 1 AEOYR oad8" Yol BT RE-QEARALC OTRR R 304 e
[0086]

Usually, niltrogen, argon, carbon dioxide gas, helium,
and air are used as the inactive diluent gas. Nitrogen,
carbon dioxide gas, and argon are preferable. These diluent
gases may be used alone or a mixture of at least two types
may be used.

[0087]

The concentration of the organic compound gas in the
inactive gas is not specifically limited. Usually, the
concentration is 0.05 to 100 percent by mole, preferably 0.1
to 80 percent by mole, and particularly preferably 0.1 to 50
percent by mole.

[0088]

The temperature of the heating is different depending
on the type of the organic compound. However, 10°C to 400°C
is preferable, and 20°C to 300°C is particularly preferable.

The flow rate thereof is not specifically limited.

However, SV of 10 to 5,000 h - is preferable, and SV of 30
to 4,000 h—l is particularly preferable.

The heat treatment time is also different depending on
the type of the organic compound. However, 0.1 to 20 hours

is preferable, and 0.5 to 15 hours is particularly



conpound are bonded to the surface hydroxyl groups, the hydrophobicity of
the catal yst surface is inproved, an influence of water which may
adversely affect the catalyst is reduced, and the performance of the
catalyst is prevented fromdeteriorating over time. Furthernore, it is
believed that since the reactive surface hydroxyl groups have been
al ready bonded to the hydrophobic groups, the polyether, whichis a
reaction product, is prevented frombonding to or interacting with the
surface hydroxyl groups, and the pgriprpance of the catalyst is prevented
fromdeteriorating over time. [0093]" The solid acid catalyst treated with
the organic conpound and/or the inorganic conpound nmay be fired at a
tenperature of 300C or higher, for exanple, 300C to 39 1,000C, for the
pur pose pek fieaainieng excess treatnent agents and water before being used in
a reaction insofar as the anmount of surface hydroxyl group can be kept at
2.5 pnol /g Bhel essatho094yitBohbequegehyc denppriindaghdAosf thhe perfor mance
of catalyst over tinme, that is, deterioration of the catalyst activity
over tinecrgadtidetcempouad owryobet sondicded a plwaiadhtt vdiodt tilbetsi dR of t he
resul ting polyether over time are prevented as conpared with a solid acid
cat al ysoraisirchhiag thee pacadmsy ta en e dusdinsolsodyf igd@nWHiveh is not treated
with

[0089]

If water is contained in the organic compound and/or

the inorganic compound and the solvent to be used in the

treatment of the solid acid catalyst, the catalyst

performance rather deteriorates. Therefore, it is

preferable that the organic compound and/or the inorganic

compound and the solvent to be used in the treatment of the

solid acid catalyst are subjected to a treatment for

removing water to a high degree with a dehydrating agent or

the like in such a way that the water content becomes 10

percent by weight or less, preferably 5 percent by weight or

less, and particularly preferably 2 percent by weight or

less.

[0080]

However, in the case where the organic compound and/or

the inorganic compound to be used in the treatment is not

decomposed by water, the treated solid acid catalyst can be

fired at a temperature of 300°C or higher before being used

in a reaction, and the amount of surface hydroxyl group of

the solid acid catalyst can be kept at 2.5 pmol/g or less

after firing, there is no problem even when water is



t he organi ¢ conmpound and/or the inorganic conpound. Therefore, a pofyether
havi ng a narrow nol ecul ar weight distribution can be produced at a snal
anount of catalyst stably for the long term [0095] {Solid acid catalyst
to be used in reaction} The solid acid catalyst to be used in the
pol yneri zation reaction or condensation reaction of the raw materi al
conpound is a solid acid catal yst having an anount of surface hydroxyl
group of 0.1 to 2.5 pnol/n2 and an anount of acid exhibiting pKa of -5.6
or less of 20 mol/g or nore. If the amount of surface hydroxyl group of
the solid 2 acid catalyst exceeds” 2% pnol/m the pol yether having a - 40
narrow nol ecul ar wei ght distribution, which is the object of the present
i nvention, cannot be obtained. If the anmount of acid exhibiting pKa of -5.6
or |lesshtatil@ssolid acid catalyst is less than 20 pnol/g, a sufficient
pol ymeri zation activity cannot be obtained. Consequently, a need for using
a large [aoount of catalyst arises in the production of the polyether. A
preferabl e anount of surface hydroxyl group of the solid acid catalyst is
0.1 to 2s01mdl e dAcprafigsablecagraunt tof caghdiexkbhibbung pKa/et - 5.6 or
less is 40 pnol/g or nore, and further preferably 60 pnol/g or nore.
inorganic compound>
It is believed that the solid acid catalyst produced by
the above-described steps has the characteristics described
below.
[0092]
That is, it is believed that since hydrophobic groups
derived from the organic compound and/or the inorganic
compound are bonded to the surface hydroxyl groups, the
hydrophobicity of the catalyst surface is improved, an
influence of water which may adversely affect the catalyst
is reduced, and the performance of the catalyst is prevented
from deteriorafing over time. Furthermore, it is believed
that since the reactive surface hydroxyl groups have been
already bonded to the hydrophobic groups, the polyether,
which is a reaction product, is prevented from bonding to or
interacting with the surface hydroxyl groups, and the
perfiormance of the catalyst is prevented from deteriorating
over time.
[0083]
The solid acid catalyst treated with the organic

compound and/or the inorganic compound may be fired at a

temperature of 300°C or higher, for example, 300°C to



[ 0096] The anpbunt of surface hydroxyl group of the solid acid catalyst
and the anount of acid exhibiting pKa of -5.6 or |ess can be neasured as
descri bed bel ow, for exanple. [Anmount of surface hydroxyl group] After 0.7
g of sanple is taken into a U-tube, drying is conducted at 300C for 1 hour
while a high-purity Ar is passed at 40 cc/mn. The U-tube is allowed to
stand for cooling and is taken off while being kept fromthe air so as to
be transferred to a dry Air grove bag. The sanple is put into an Erl enneyer
flask placed in the glove bag in advance, and 20 cc of dry toluene is
added thereto. The Erlenneyer flask3% =set in a titration experinent
apparatus through which N2 is passed at 80 cc/mn. - 41 1In an Ar glove
box, 5 cc of ether solution of 1.5-M nethyllithiumLiBr conplex is taken

into a pl aghiee SYpiN I pROS hd vl akeRxerk sWhirke thidatnagdhepoi nt is
seal ed Rﬁ??ﬁ ?ﬁbﬁék,ggﬁdp%EgOEthr sglufﬁoﬁ i§ infecfed into tﬁe

Ef'enﬁexgg fhask LBEEYENLAiREPLLEEY AnPHr §eaeas ohs iegblreet @ ikhto a Tedl ar
bag for m nut es, and the nmethane concentration is quantified with GC

The purge.gas blrowukatee syaRaKYIEd rvubh canpbecikeipan afti 2m5 fivowfgt er . The
anount of surface hydroxyl group per weight of catalyst is calculated from

t he anoyrt 1@ksgenerated nethane determ ned fromthe nmethane concentration
and the purge gas flow rate.

[0094]

Consequently, deterioration of the performance of
catalyst over time, that is, deterioration of the catalyst
activity over time, and deterioration of the moleculaxr
weight distribution of the resulting polyether over time are
prevented as compared with a solid acid catalyst which is
prepared by a known technology and which is not treated with
the organic compound and/or the inorganic compound.
Therefore, a polyether having a narrow molecular weight
distribution can be produced at a small amount of catalyst
stably for the long term.

[0095]
{Solid acid catalyst to be used in reaction}

The solid acid catalyst to be used in the
polymerization reaction or condensation reaction of the raw
material compound is a solid acid catalyst having an amount
of surface hydroxyl group of 0.1 to 2.5 umol/m2 and an
amount of acid exhibiting pKa of -5.6 or less of 20 pmol/g
or more.

If the amount of surface hydroxyl group of the solid

2z .
acid catalyst exceeds 2.5 pmol/m , the polyether having a



The surface area per weight of the catalyst is nmeasured w th HM Model -1201
produced by Mountech Co., Ltd., by a nitrogen adsorption BET one-point
nmet hod, and the ampunt of surface hydroxyl group per catalyst surface area
is calculated therefrom [0097] [Anount of acid exhibiting pKa of -5.6 or
| ess] The catalyst is dried at 200C for 3 hours in a vacuum and the
catalyst is weighed in the glove box in a nitrogen atnosphere. After 2 m
of toluene is added, setting in a UV neasurenent apparatus is conduct ed.
As an indicator, 1 m of O.2-percent-by-weight benzal acet ophenone (for pKa
<_-5.6)/toluene solution is added.” e anount of acid - 42 exhi biting pKa
of -5.6 or less is calculated fromthe anmount of n-butylam ne dropped
until a UV peak of benzal acet ophenone bonded to acid points is di sappeared
by usingrfo@lmpdkthlelk nehyhyl dikReidataochi t wALcAniseagenbbief0088]
[ Process for production of polyether] The process for production of a
pol yet heheapeesdhngihoenthengecandoaspecbbtannedi.ch the solid acid catal yst
treated w th the above-descri bed organi c conpound and/or the inorganic
conpound i s USethe amdowine @f ozesd ¢xnilptodugtplm obHf-A. Pobyeltdrer @tcordi ng
to the first aspect, in which the solid acid catalyst having the anount of
surf acethgdeokyfl agidupabtlgst e 2e5snbhanp28ngmphéganpuatfdicaent
polymerization activity cannot be obtained. Consequently, a
need for using a large amount of catalyst arises in the
production of the polyether.
A preferable amount of surface hydroxyl group of the
solid acid catalyst is 0.1 to 2.0 umol/m?. A preferable
amount of acid exhibiting pKa of -5.6 or less is 40 umol/g
or more, and further preferably 60 pmol/g or more.
[0096]
The amount of surface hydroxyl group of the solid acid
catalyst and the amount of acid exhibiting pKa of -5.6 or
less can be measured as described below, for example.
fAmount of surface hydroxyl group]
After 0.7 g of sample is taken intcoc a U-tube, drying is
conducted at 300°C for 1 hour while a high-purity Ar is
passed at 40 cc/min. The U-tube is allowed to stand for
cooling and is taken off while being kept from the air so as
to be transferred to a dry Air grove bag.
The sample is put into an Erlenmeyer flask placed in
the glove bag in advance, and 20 cc of dry toluene is added

thereto. The Erlenmeyer flask is set in a titration

-experiment apparatus through which Ny is passed at 80 cc/min.



exhibiting pKa of -5.6 or less of 20 pnol/g or nore is used as the

catal yst for polynerization, will be described below. [0099] Al though not
specifically limted, it is preferable that the processes for production
of a polyether according to the first and the second aspects are conducted
by a ring- opening polynerization reaction of cyclic ethers or a
dehydrati on and condensation reaction of polyols. Processes in which the
cyclic ethers are used as raw materials for the reaction, and pol yethers
are produced by subjecting themto the ring-opening polynerization
reaction are nore preferable. [0100]443" In the case where polyethers are
produced by ring- opening pol ynerization reaction of cyclic ethers,
exanples of cyclic ethers to be used as the raw naterials for the

reaction gl wde AWl &6t her £.d B evittiet e nwker o&f c@-bon  constituting
the ring 1s 3 to 10. Furthernore, cyclic ethers including alkyl groups,

hal ogen @ eNAS i 3G Yin e SompARe tike dadkded dntsubstiitasantes sgaringleso be
used. Specifically, tetrahydrofuran, oxetane, oxepane, 1, 4-di 6xane, 2-
net hyl t etyeahydriofger ar, t3rdert kydit atidky diref ureanileaand dthe d isealear e used. Any

one of honogeneous pol ynerization by using mnerely one type of cyclic ether
and Copeliyme riitaldrgn ayl uSiengtaled eadhittivm tiypdsiefcteyclinkcetther s can be
conducted. [0101] At |east one type of the solid acid catal yst treated
Erlenmeyer flask through a septum.
A purge gas is collected into a Tedlar bag for 10
minutes, and the methane concentration is quantified with GC.
The purge gas flow rate is measured with a precision film
flowmeter. The amount of suxrface hydroxyl group per weight
of catalyst is calculated from the amount of generated
methane determined from the methane concentration and the
purge gas flow rate.
The surface area per weight of the catalyst is measured
with HM Model-1201 produced by Mountech Co., Ltd., by a
nitrogen adsorption BET one-point method, and the amount of
surface hydroxyl group per catalyst surface area is
calculated therefrom.
[0097]
[Amount of acid exhibiting pKa of -5.6 or less]
The.catalyst is dried at 200°C for 3 hours in a vacuum,
and the catalyst is weighed in the glove box in a nitrogen
atmosphere. After 2 ml of toluene is added, setting in a UV
measurement apparatus is conducted. As an indicator, 1 ml

of 0.2-percent-by-weight benzalacetophenone {(for pKa

< ~5.6)/toluene solution is added. The amount of acid



wi th the organi c conpound and/or the inorganic conpound or the solid acid
cat al yst having an anount of surface hydroxyl group of 0.1 to 2.5 nol/n2
and an anount of acid exhibiting pKa of -5.6 or less of 20 pnol/g or nore,
as descri bed above, is used as the catalyst. [0102] Preferably, the
ri ng-openi ng pol ynmerization reaction of the cyclic ether is conducted in
the presence of a carboxylic anhydride and/or a carboxylic acid fromthe
vi ewpoi nt of the nol ecular weight control. In general, aliphatic or
aromati c carboxylic anhydrides and/or,: 44 carboxylic acids having 2 to 12
carbon atons are used, and preferébfythose having 2 to 8 carbon atons are
used. These carboxylic anhydrides and/or carboxylic acids may be used
alone or at |east two types may be used in conbination. it is favorable
t hat t hexbdbhaiyki pKankydrisdé amd/lersst He cadcdxykidc faemdthe addedtusual |y
at within the range of 0.01 to 1.0 (nole ratio) relative to the cyclic
et her. p@l@3putidamiaepolrpmeeidzanital wedidh peak afsol vent inactive to the
reaction can also be used. In general, at |east one type of aliphatic
hydr ocakkorg lagesopbienonedbocdebons, agid poletlsi ke diaserieered ble
ring-opening polynmerization reaction is used as the solvent. [0104] A
gener al bgiadopt 8d meadli oF hobmtydagineaagesséliterppéon reagent.

[6098]

[Process for production of polyether]

The process for production of a polyether according to

the second aspect, in which the solid acid catalyst treated

with the above-described organic compound and/or the

inorganic compound is used, and the process for production

of a polyether according to the first aspect, in which the

solid acid catalyst having the amount of surface hydroxyl

group of 0.1 to 2.5 pmol/m2 and the amount of acid

exhibiting pKa of -5.6 or less of 20 pmol/g or more is used

as the catalyst for polymerization, will be described below.

[0099]

Although not specifically limited, it is preferable

that the processes for production of a polyether according

to the first and the second aspects are conducted by a ring-

opening polymerization reaction of cyclic ethers or a

dehydration and condensation reaction of polyols. Processes

in which the cyclic ethers are used as raw materials for the

reaction, and polyethers are produced by subjecting them to

the ring-opening polymerization reaction are more preferable.

[0100}



or a tower type, is used, and any one of a batch systemand a continuous
systemis adopted. Exanples thereof include a nethod in which the cyclic
ether, the catalyst, and the carboxylic anhydride and/or the carboxylic
acid are charged and polynerized with agitation (batch systen) and a

met hod in which the cyclic ether and the carboxylic anhydride and/or the
carboxylic acid are continuously supplied to a reactor including the
catal yst and a reaction liquid is continuously taken out (continuous
systen) The continuous systemis preferable fromthe viewpoint of the
productivity. 45 - (0105] The usage of the solid acid catalyst is

determ ned on the basis of the type thereof, and is not specifically
limted. For exanple, in the batch type reactor, if the anount of catalyst
is too snall?ntﬁéepﬁﬁﬁﬁeWPﬁéﬁi8ﬁ1V8FéeF§ argdecedcesnbEr E&PgT if the
anount is tgo large, renoval of a polynerization heat becones difficult.
Fur t her FBSE 11 Ylee 2t HEGTEERT &5 Y I G mERERSet IS5 TR em

i ncreases agitation beconmes diffjcult, and a probl.emtends . to occur in
separ at i%n € e THEAS, uses Agaddi%r Ay d‘{)ﬁtc?r&fatmér ‘}{‘%e S onpl eti on of

LR o YA R TSSO PR Sl B A5
1oL S BS L RIS R Y SRR Bt 20 Limes on
reacti O%t%rerlshgziél%\éﬂirn%a%tf}&l gFr%ruptgle Hall%ér?agﬁ:tdlﬁfé, acyl groups,

and the like as substituents can also be used. Specifically,

tetrahydrofuran, oxetane, oxepane, 1,4-dioxane, 2-

methyltetrahydrofuran, 3-methyltetrahydrofuran, and the like

are used. Any one of homogeneous polymerization by using

merely one type of cyclic ether and copolymerization by

using at least two types of cyclic ethers can be conducted.

[0101]

At least one type of the solid acid catalyst treated

with the organic compound and/or the inorganic compound or

the solid acid catalyst having an amount of surface hydroxyl

group of 0.1 to 2.5 umol/m2 and an amount of acid exhibiting

pKa of -5.6 or less of 20 pumol/g or more, as described above,

is used as the catalyst.

f0102]

Preferably, the ring-opening polymerization reaction of
the cyclic ether is conducted in the presence of a
carboxylic anhydride and/or a carboxylic acid from the

viewpoint of the molecular weight control. In general,

aliphatic or aromatic carboxylic anhydrides and/or



t he usage of the catalyst refers to the anount of the catalyst relative to
t he anobunt of supply of the liquid phase per unit tine. [0106] The
reaction tenperature is usually 0OC to 200C, and preferably 10C to 80C. The
reaction pressure nay be any pressure insofar as the reaction systemis
allowed to maintain a liquid phase at that pressure. Usually, the pressure
is selected within the - 46 range of normal pressure to 10 MPa, and
preferably normal pressure to 5 MPa. The reaction tine is not specifically
limted. However, in consideration of both the reaction time and the
amount of catalyst and in considerat o of the yield and the econom c
efficiency, preferably, the reaction tine is within the range of 0.1 to 20
hours, and preferably within the range of 0.5 to 15 hours. In the batch
system chhldoxgadi anitismhaviebers tko 12 perbeod tromst heepaisat,i anti me when
the tenperature is raised to the reaction tenperature until the reaction
is finishedexnthlyheéhosel haging 2t aot &dcalrbonhhetomentirpruogsdsysTieaset he
reaction tine refers to a residence tine of a reaction conposition |iquid
in the reabbeylif0idfydriblesnehedwiracambiogyilidi stidbutagnbef ushkd resul ting
pol yether is depending on the type of the raw material conpound. However,
in the edsaewbar atalegsy- spenicygpes may be used in combination. it

is favorable that the carboxylic anhydride and/or the

carboxylic acid is added usually at within the range of 0.01

to 1.0 {mole ratio) relative to the cyclic ether.

[0103]

In the polymerization reaction, a solvent inactive to

the reaction can also be used. In general, at least one

type of aliphatic hydrocarbons, aromatic hydrocarbons, and

the like inactive to the ring-opening polymerization

reaction is used és the solvent.

[0104]

A generally adopted reaction form, e.g., a vessel type

or a tower type, is used, and any one of a batch system and

a continuous system is adopted. Examples thereof include a

method in which the cyclic ether, the catalyst, and the

carboxylic anhydride and/or the carboxylic acid are charged

and polymerized with agitation (batch system) and a method

in which the cyclic ether and the carboxylic anhydride

and/or the carboxylic acid are continuously supplied to a

reactor including the catalyst and a reaction liquid is

continuously taken out {continuous system). The continuous

system is preferable from the viewpoint of the productivity.



pol ymeri zation reaction of tetrahydrofuran (THF) is conducted by using the
solid acid catalyst treated with the organic conpound and/or the inorganic
conmpound or the solid acid catalyst having the anmount of surface hydroxyl
group of 0.1 to 2.5 mol/n2 and the anmobunt of acid exhibiting pKa of -5.6
or less of 20 gnol/g or nore according to the present invention, a

pol yet her havi ng a nunber average nol ecular weight (M) of 200 to 80, 000
and, in particular, alowto - 47 mddle nolecular weight of about 200 to
40, 000 can be obtained. Furthernore, it is one of the features that a

pol yet her having a narrow nol ecul ar- wéi ght di stribution can be easily
produced. That is, there is a great demand for a polyether exhibiting

Mv Mh of 1.3 to 2.5 industrially. Polytetranethylene ether glycol (PTM3
exhibiti@go@ﬁlhh of less than 3, for exanple, 1.1 to 3.0, can be obtained
by usiég the solid acid catal yst according to the present invention. In

particul ar, when,a.gceferehbesgondi Lbon ebtalPstpiesepteimysBEion is
sel ected, a polyether having a very narrow nol ecul ar wei ght distribution

MV M of habeuls 1L 45t @ hel tpearnahrehe ol aisnedt Apeerdiieglly the present
invention, the yield of the product is allowed to becone 15% or nore,

pref er ahlivi2@¥.or reBr €xa@plef ui hhehaobet2h% ppe nbeactobP108] thbr eover
since deterioration of the performance of the catalyst over tine is
r educed aniche tstoat eaahlgshi db degr emadfl, coeyeodivererdaa tienmaianeailsed even
when the reaction is
reduced. Conversely, if the amount is too large, removal of
a polymerization heat becomes difficult. Furthermore, since
the slurry concentration of the reaction system increases,
agitation becomes difficult, and a problem tends to occur in
separation of the catalyst and the reaction liquid after the
completion of the polymerization reaction. Therefore, the
usage of the catalyst is usually selected within the range
of 0.001 to 50 times on a weight basis relative to the
liquid phase, preferably the range of 0.0l to 20 times on a
weight basis in consideration of the reaction form being the
batch reaction or the flow reaction. For the flow reaction,
the usage of the catalyst refers to the amount of the
catalyst relative to the amount of supply of the liquid
phase per unit time.
[0106]
The reaction temperature is usually 0°C to 200°C, and
preferably 10°C to 80°C.
The reaction pressure may be any pressure insofar as

the reaction system is allowed to maintain a liquid phase at

that pressure. Usually, the pressure is selected within the



conducted for the long term [0109] The pol yethers produced according to
the first and the second aspects can be used for applications to elastic
fi bers, thernoplastic polyester elastonmers, thernoplastic polyurethane
el astoners, coating materials, and the |ike. [Exanples and conparative
exanpl es] 48 - [0110] The first and the second aspects will be further
specifically described belowwith reference to synthesis exanples,
exanpl es, and conparative exanpl es. However the follow ng exanpl es do not
limt the scope of the first and the €e_cond aspects. [0111] In the
foll owi ng description, the degree of tonversi on, the nunber average
nol ecul ar wei ght (Wn), and the nol ecular weight distribution (Mv Wh) of
pol ytetranet hyl ene ether glycol acetic acid ester (PTME) were determ ned
W t h GPEanggelofpemmeaatli @reasuarattagrldpMpPa,deser idred dralbdy. nGR@adppar at us:
GPC 8220 produced by Tosoh Corporation Colum: TSK-CGEL GWHHR-M (30 cm) x 4
uni t s Detrestsivgre roet BodiPaRl  Col uim t enperature: 40C Moving bed: THE Fl ow
rate: 1 m/mn Amount of injection of sanple: 500 |
The reaction time is not specifically limited. However,

in consideration of both the reaction time and the amount of

catalyst and in consideration of the yield and the economic

efficiency, preferably, the reaction time is within the

range of 0.1 to 20 hours, and preferably within the range of

0.5 to 15 hours. In the batch system, the reaction time

refers to a pericd from the point in time when the

temperature is raised to the reaction temperature until the

reaction is finished and the cooling is started. In the

continuous system, the reaction time refers to a residence

time of a reaction composition liquid in the reactor.

[0107]

The molecular weight distribution of the resulting

polyether is depending on the type of the raw material

compound. However, in the case where a ring-opening

polymerization reaction of tetrahydrofuran (THF) is

conducted by using the solid acid catalyst treated with the

organic compound and/or the inorganic compound or the solid

acid catalyst having the amount of surface hydroxyl group of

0.1 to 2.5 pmol/m2 and the amount of acid exhibkiting pKa of

-5.6 or less of 20 umol/g or more according to the present

invention, a polyether having a number average molecular

weight (Mn) of 200 to 80,000 and, in particular, a low to



Sanpl e concentration: adjusted in such a way that the concentration
pol yet her becones about 0.5 percent by weight [0112] The anount of
surface hydroxyl group and the anobunt of acid of the solid acid catalyst
were neasured as described - 49 - below [Anount of surface hydroxyl
After 0.7 g of sanple is taken into a U-tube, drying is conducted at 300C
for 1 hour while a high-purity Ar is passed at 40 cc/mn. The U-tube is
allowed to stand for cooling, and is taken off while being kept fromthe
as to be transferred to a dry Air grove bag. The sanple is put into
an Erlennmeyer flask placed in the gyible bag in advance, and 20 cc of dry

air so

toluene is added thereto. The Erlenneyer flask is set in a titration

experiment apparatus in which N2 is passed at 80 cc/mn. In an Ar gl

box, 5 g Lfi LtRAk Al ken @t bbaMouretind ldd hioymold Barceepl ex is taken
into a plastic syringe, the syringe is taken out while the needl epoi

seal ed

oMt dadbberurandrinbecet her isobdti 6 thei fpethedsi hhatt he

of a

group]

ove

nt is

Erl enmeyer flask through a septum A purge gas is collected into a Tedl ar
pHl yatibit esviand at e rreihare eeonicentwedighin dis tquidnttiifonredawi t h GC.
The purge gas flowrate is neasured with a precision film flowreter.
anount efe siasfidce drpdramed. gTbap per whegkt is a great demand for a

bag for

polyether exhibiting Mw/Mn of 1.3 to 2.5 industrially.
Polytetramethylene ether glycol (PTMG) exhibiting Mw/Mn of
less than 3, for example, 1.1 to 3.0, can be obtained by
using the solid acid catalyst according to the present
invention. 1In particular, when a preferable condition of
the present invention is selected, a polyether having a very
narrow molecular weight distribution Mw/Mn of about 1.4 to
1.7 can also be obtained. According to the present

invention, the yield of the product is allowed to become 15%

or more, preferably 20% or more, and furthermore 25% or more.

[0108]

Moreover, since deterioration of the performance of the
catalyst over time is reduced, the state of a high degree of
conversion can be maintained even when the reaction is

conducted for the long term.

[0109]

The polyethers produced according to the first and the
second aspects can be used for applications to elastic
fibers, thermoplastic polyester elastomers, thermoplastic
polyurethane elastomers, coating materials, and the like.

[Examples and comparative examples]

The



of catalyst is calculated fromthe anpbunt of generated nethane determ ned
fromthe nethane concentration and the purge gas flow rate. The surface
area per weight of the catalyst is nmeasured w th HM Moddel - 1201 produced by
Mount ech Co., Ltd., by a - 50 nitrogen adsorption BET one-point method,
and the amount of surface hydroxyl group per catalyst surface area is
cal cul ated therefrom [Anount of acid exhibiting pKa of -5.6 or |ess] The
catalyst is dried at 200C for 3 hours in a vacuum and the catalyst is

wei ghed in the glove box in a nitrogen atnosphere. After 2 ml of toluene
is added, setting in a U nmeasurenent” apparatus is conducted. As an
indicator, 1 m of O0.2-percent-by-weight benzal acet ophenone (for pKa 5
-5.6)/toluene solution is added. The anpbunt of acid exhibiting pKa of -5.6
or |less[i04104l cul ated fromthe anount of n-butylam ne dropped until a W
peak of benzal acet ophenone bonded to acid points is disappeared by using
0. 01 nol /L ofhae-burytamsndeths aetondadspacteagehl. be[ 0diBhexPreparati on of
solid acid catal yst having surface hydroxyl groups> Catal yst synthesis
exanpl e speti fAfedd v8eleg@rgbefd biedowniwithoxpdietreare &gueyushsshisti on
(produced by Shin Ni ppon Metal & Chem cal Co., Ltd., concentration 18.12
per cent eppmpdieght exaMpPdegs ehdzcorpawgasive examples. However the

following examples do not limit the scope of the first and
the second aspects.
[0111]

In the following description, the degree of conversion,
the number average molecular weight (Mn), and the molecular
weight distribution (Mw/Mn) of polytetramethylene etherx
glycol acetic acid ester (PTME) were determined with GPC
{gel permeation chromatography) described below.

GPC apparatus: GPC 8220 produced by Tosoh Corporation

Column: TSK-GEL GMHHR-M (30 cm) x 4 units

Detection method: RI

Column temperature: 40°C

Moving bed: THF

Flow rate: 1 ml/min

Amount of injection of sample: 500 pl

Sample concentration: adjusted in such a way that the
concentration of a polyether becomes about 0.5 percent by
weight
[0112]

The amount of surface hydroxyl group and the amount of

acid of the solid acid catalyst were measured as described



bl ended wth 18.72 g of desalted water, m xing was conducted

honogeneously. The resulting m xture was blended with 11.84 g of urea and
m Xi ng was conduct ed honpbgeneously so as to prepare an inpregnation
solution. The resulting solution - 51 was blended with 80 g of Si02
(produced by Fuji Silysia Chemcal Ltd., CAR ACT Ql5, particle dianmeter 75
to 500 pm average particle dianeter 200 pm pore volunme 1.16 m/g,
average pore dianeter 15 nm, and inpregnati on was conducted by
pore-filling (the anmount of inpregnatjon solution was 100% of the carrier
pore volune) while m xing was conducted by shaking for about 1 hour.

[0114] This was put into a 500-ml pear-shaped flask, a joint and a curved
tube filled with glass wool were connected to the upper portion of the
flask, &¥dC¥-thernonmeter was connected to a neasurement portion.

Thereafter, the flask . was fixed with a clanp to a rotating shaft of a
rotary dffemnt ?ﬁesﬂﬁﬁﬁﬁen&y?ﬁﬁﬁﬁﬁhégo ﬁated at a speed of 10 rpm the

t t f. the. dti t 105 ad, heat | : d f 6
haurs. AL CHREEEFAG: /i § GBeoARBOR: APnbA By LRE de ohE Enanget Lhat 905 of

t in the i [ | yti [ . AL tube filled
wth ol RebeRigsl B8 BT 28 dor Y G e e et e of the

ol AR B O AL Lo e pptksitoboto il e he
cooling, and is taken off while being kept from the air so
as to be transferred to a dry Air grove bag.

The sample is put into an Erlenmeyer flask placed in
the glove bag in advance, and 20 cc of dry toluene is added
thereto. The Erlenmeyer flask is set in a titration
experiment apparatus in which Nz is passed at 80 cc/min. In
an Ar glove box, 5 cc of ether sclution of 1.5-M
methyllithium LiBr complex is taken into a plastic syringe,
the syringe is taken out while the needlepoint is sealed
with rubber, and the ether solution is injected into the
Erlenmeyer flask through a septum.

A purge gas is collected into a Tedlar bag for 10
minutes, and the methane concentration is quantified with GC.
The purge gas flow rate is measured with a precision film
flowmeter. The amount of surface hydroxyl group per weight
of catalyst is calculated from the amount of generated
methane determined from the methane concentration and the
purge gas flow rate.

The surface area per weight of the catalyst is measured

with HM Model-120] produced by Mountech Co., Ltd., by a



tenperature of the drier was set at 140C, and heating was conducted for 4
hours so as to renove the water al nost conpletely. The heating and
rotation were termnated after - 52 a |lapse of 4 hours, and the catal yst
was taken out. [0115) The catal yst was transferred to a 500-n beaker and
stood for cooling to roomtenperature. After about 300 ml of desalted
wat er was added, suspension washing was conducted for about 10 m nutes.
The catalyst was filtrated and was transferred to the 500-m beaker again.
A solution, in which 30 g of anmoni um bi carbonate was di ssol ved into 300
m of desalted water, was added and syspensi on washi ng was conducted for
about 10 m nutes. The catalyst was filtrated and was transferred to the
500-m beaker again. After about 300 m of desalted water was added,
suspensi on washi ng was  conducted for about 10 mnutes., This mashlng with
the de8attedeRat §°%B§1P§p§§?e@”@mﬁoﬂpﬁe§et?HQrCQPQI§§? #&sungi Pfdri ed and
dried with a dri at 120C for a ni Subse uently, firing was conducted
at QOOCSFG?aﬁehbﬁp§ox HéoPﬁePEFrc%§§l§§§s§Hr THE PESEl Png solid acid

cat al yst to_be Catal yst 1". The anount of supported zirconium
oxi de oFa Eﬁ%ﬁiﬁgf%%eH§F§PW1ned by cal cul ation on the basis of the

the. ont LPECHRBURL 8P Fina BaPAtyoP. LR Shmodne GF SGPFACe hydr oxyl group. of

Catalyst 1 m@ﬁe catalyst is dried at 200°C for 3 hours in a vacuum,
and the catalyst is weighed in the glove box in a nitrogen
atmosphere. After 2 ml of toluene is added, setting in a UV
measurement apparatus is conducted. As an indicator, 1 ml
of 0.2-percent-by-weight benzalacetophenocne (for pKa

-5.6) /toluene solutién is added. The amount of acid

exhibiting pKa of -5.6 or less is calculated from the amount
of n-butylamine dropped until a UV peak of
benzalacetophénone bonded to acid points is disappeared by
using 0.01 mol/L of n-butylamine as a titration reagent.
[0113]
<Preparation of solid acid catalyst having surface hydroxyl
groups>

Catalyst synthesis example 1-1:

After 89.66 g of zirconium oxynitrate aqueous solution
{produced by Shin Nippon Metal & Chemical Co., Ltd.,
concentration 18.12 percent by weight 1in terms of ZrOz) was
blended with 18.72 g of desalted water, mixing was conducted
homogenecusly. The resulting mixture was blended with 11.84
g of urea and mixing was conducted homogeneously so as to

prepare an impregnation solution. The resulting solution



2.6 pnol/n2, and the anmobunt of acid exhibiting pKa of -5.6 or |less was 110
gnol/g. - 53 - [0 116] Catal yst synthesis exanple 1-2 A honbgeneous
solution was prepared by adding 0.44 g of desalted water to 89.66 g of

zi rconi um oxynitrate agqueous solution (produced by Shin N ppon Metal &
Chem cal Co., Ltd., concentration 18.12 percent by weight in terns of
Zr02). A honobgeneous sol ution was prepared by gradually adding 26.94 g of
25- per cent - by- wei ght ammoni um car bonat e aqueous solution thereto with
agitation. Thereafter, 7.94 g of ure&lwas gradually added so as to prepare
an inpregnation solution. The resulting solution was blended wwth 80 g of
Si 02 (produced by Fuji Silysia Chemcal Ltd., CARAMT B0, particle

di amet 75 .t 00, m. t.icle_di t 200. Vol 1.21
m/g,fil&@ﬁaael%g 9 Bisterl; G560 0% TRECAIeEay Ry Fon L S iduc ed by
ore-fi in t.h | A i i I i 1Q0%:-0f i
e vEreA A i As D B s G 0 s AR o, biE o

01.17 i i . _ f K, A q
[0 171 auBY ﬁ“@gﬁ%tctﬂﬁngaaa@g%%%o{é‘o&g 2, SRARCGLARK 34 ghy, and a

nnected to the upper portion of

Ther car CF T e CFTaek AR i Xad T Th ol s o e e g oRakes
rotary @kl @ore-filling (the amount of impregnation solution was

100% of the carrier pore volume) while mixing was conducted

by shaking for about 1 hour.

[0114]

This was put into a 500-ml pear-shaped flask, a joint
and a curved tube filled with glass wool were connected to
the upper portioen of the flask, and a thermometer was
connected to a measurement portion. Thereafter, the flask
was fixed with a clamp to a rotating shaft of a rotary drier.
The rotating shaft was rotated at a speed of 10 rpm, the
temperature of the drier was set at 1053°C, and heating was
conducted for 6 hours. At this time, it was ascertained by
the weight change that 90% of water in the impregnation
solution remained. After the curved tube filled with glass
wool at the upper portion was removed, the temperature of
the drier was set at 120°C, and heating was conducted for 16
hours.

After the joint at the upper portion was removed, the
temperature of the drier was set at 140°C, and heating was
conducted for 4 hours so as to remove the water almost

completely. The heating and rotation were terminated after



The rotating shaft was rotated at a speed of 10 rpm the - 54 tenperature
of the drier was set at 105C, and heating was conducted for 2 hours. After
the curved tube filled with glass wool at the upper portion was renoved,
the tenperature of the drier was set at 120C, and heating was conducted
for 16 hours. After the joint at the upper portion was renoved, the
tenperature of the drier was set at 140C, and heating was conducted for 4
hours, so as to renove the water conpletely. The heating and rotation were
termnated after a | apse of 4 hours, and the catal yst was taken out.
[0118] The catal yst was transferred 3 a 500-nl beaker and stood for
cooling to roomtenperature. After about 300 m of desalted water was
added, suspension washing was conducted for about 10 m nutes. The catal yst

was filtrated and ransterr t 00- er.again. A solution

in whi cA 367§% %a#ﬁgﬁﬁﬁﬁrb§8§rE@%af%t%ggsgi§$§?§§§%5nf8%3oo m of

desal te D%@%ir’ was added and suspensi on washi ng was conducted for about
he

10 m nutes. catalyst was filtrated and was transferred to the 500-ml

beaker agai ng,Af gﬁaggggtwagogrgﬁsgérg§§a£BeQTﬁ?beﬁl aRdded, suspensi on

washi ng was conduct or about 10 m nutes. s washing with the
desal t ed -WalE MRS LERER! €6 tWRN! ERSerhRG reat ahy st r WBSoudl So6rhed and

dried with a drier at 120C for a night. Subsequently, firing was conducted
at 900Cf0HedNRUES water was added, suspension washing was

conducted for about 10 minutes. The catalyst was filtrated
and was transferred to the 500-ml beaker again. A solution,
in which 30 g of ammonium bicarbonate was dissclved into 300
ml of desaltedlwater, was added and suspension washing was
conducted for about 10 minutes. The catalyst was filtrated
and was transferred to the 500-ml beaker again. After about
300 ml of desalted water was added, suspension washing was
conducted for about 10 minutes. This washing with the
desalted water was repeated two times. The catalyst was
air-dried and dried with a drier at 120°C for a night.
Subsequently, firing was conducted at 900°C for 2 hours
while the air was passed.

The resulting solid acid catalyst was assumed to be
"Catalyst 1". The amount of supported zirconium oxide of
Catalyst 1 determined by calculation on the basis of the
impregnation solution composition was 16.9 percent by weight
relative to the entire amount of the catalyst.

The amount of surface hydroxyl group of Catalyst 1 was

2.6 pmol/mz, and the amount of acid exhibiting pKa of -5.6

or less was 110 pmol/g.



- 55 - while the air was passed. The resulting solid acid catal yst was
assuned to be "Catalyst 2". The anpunt of supported zirconi um oxi de of
Catal yst 2 determi ned by cal culation on the basis of the inpregnation
solution conposition was 16.9 percent by weight relative to the entire
amount of the catalyst. The anpbunt of surface hydroxyl group of Catalyst 2
was 3.4 nol/m2 and the anmount of acid exhibiting pKa of -5.6 or |ess was
100 gnmol /g. [0119] Catalyst synthesis exanple 1-3 After 88.01 g of

zi rconi um oxynitrate agueous sol utiomn3 (produced by Shin N ppon Metal &
Chem cal Co., Ltd., concentration 18.12 percent by weight in terns of
Zr02) was blended with 26.13 g of desalted water, m xing was conducted
honobgeneously. The resulting m xture was blended with 11.84 g of urea and
m Xi ng &4 1&nduct ed honngeneously so as to prepare an inpregnation

solution. The re ultlng glution ded with 80 g of Si02 (produced
by Fuji SilySPREIERENPEAFPERYS, eﬁﬂﬁ? and i npregnation mas

conducted by g%sgfewefé;«mmv«%ngr Lo gona GRcAg v, 100

of the carri nt X conduc shak? ng for
about 1 hour

about 119t 01A%, T 29'8% BHoF M4 Ar3h Y RG¥r @aga%efo'u%sk a joint

solution (produced by Shin Nippon Metal & Chemical Co., Ltd.,
concentration 18.12 percent by weight in terms of Zr0Op). A
homogeneous solution was prepared by gradually adding 26.94
g of 25-percent-by-weight ammonium carbonate aqueous
solution thereto with agitation. Thereafter, 7.94 g of urea
was gradually added so as to prepare an impregnation
solution. The resulting solution was blended with 80 g of
Si0s (produced by Fuji Silysia Chemical Ltd., CARiAMIT 030,
particle diameter 75 to 500 pm, average particle diameter
200 pm, pore volume 1.21 ml/g, average pore diameter 30 nm),
and impregnation was conducted by pore-filling (the amount
of impregnation solution was 100% of the carrier pore
volume) while mixing was conducted by shaking for about 1
hour.

[0117]

This was put into a 500-ml pear-shaped flask, a joint
and a curved tube filled with glass wool were connected to
the upper portion of the flask, and a thermometer was
connected to a measurement portion. Thereafter, the flask
was fixed with a clamp to a rotating shaft of a rotary drier.

The rotating shaft was rotated at a speed of 10 rpm, the



and a curved tube filled with glass wool were connected to the upper
portion of the flask, and a thernoneter was connected to a neasurenent
portion. Thereafter, the flask was fixed with a clanp to a rotating shaft
of arotary drier. The rotating shaft was rotated at a speed of 10 rpm
the tenperature of the drier was set at 105C, and heating was conducted
for 2 hours. After the curved tube filled with glass wool at the upper
portion was renoved, the tenperature of the drier was set at 120C, and
heating was conducted for 16 hours. #After the joint at the upper portion
was renoved, the tenperature of the drier was set at 140C, and heating was
conducted for 4 hours, so as to renove the water conpletely. The heating
and rotation were termnated after a lapse of 4 hours, and the catal yst
was t akERMPEEatPOE2 P thge ddes yae was etandbefredntohgatdpgniabeaker and
stood for cooling to roomtenperature. After about 300 nl of desalted

wat er wasSTHEEEY £0Epéndrykswashf BYT wklde evrneet Babe of 1 hbodit WA i nut es.
The catalyst was filtrated and was transferred to the 500-m beaker again.
A sol ut FéRSS WROMNAENTEE6 YPBRTaRRBHLGRM WRSarBBRYEE waSedte¥BEvaHUERt 0 300

m of de%aLhed wat er conducted for
m

was added d suspensi on ,washi ng was
about 168 ﬁt8§?e¥hga§a§§%y§? %2@ Fri ¢ gtgﬁatéﬁﬂ Was £PRAYFERHedOTO the
500-m ? aher again. After about - 57 300 m of desalted water was added,
suspens'gn R&gﬁrng was

After the joint at the upper portion was removed, the
temperature of the drier was set at 140°C, and heating was
conducted for 4 hours, so as to remove the water completely.
The heating and rotation were terminated after a lapse of 4
hours, and the catalyst was taken out.

[0118]

The catalyst was transferred to a 500-ml beaker and
stood for cooling to room temperature. After about 300 ml
of desalted water was added, suspension washing was
conducted for about 10 minutes. The catalyst was filtrated
and was transferred to the 500-ml beaker again. A solution,
in which 30 g of ammonium bicarbonate was dissolved into 300
ml of desalted water, was added and suspension washing was
conducted for about 10 minutes. The catalyst was filtrated
and was transferred to the 500-ml beaker again. After about
300 ml of desalted water was added, suspension washing was
conducted for about 10 minutes. This washing with the
desalted water was repeated two times. The catalyst was
air-dried and dried with a drier at 120°C for a night.

Subsequently, firing was conducted at 900°C for 2 hours



conducted for about 10 m nutes. This washing with the desalted water was
repeated two tines. The catalyst was air-dried and dried with a drier at
120C for a night. Subsequently, firing was conducted at 900C for 2 hours
while the air was passed. The resulting solid acid catal yst was assuned to
be "Catalyst 3". The anmount of supported zirconium oxide of Catalyst 3
determ ned by cal culation on the basis of the inpregnation solution
conposition was 16.9 percent by weight relative to the entire anmount of
the catal yst. The anount of surface g%?[pxyl group of Catalyst 3 was 3.3
gnol / m2, and the anount of acid exhi ing pKa of -5.6 or less was 100
pnol /g. [0122] Catalyst synthesis exanple 1-4 A solid acid catal yst
obtained by firing Tonsil OptimunFF, which was a clay (activated cl ay)
cat al ystvhane tnei ehrwassppadseed by Sued Chenie, at 400C for 1 hour while
the air was passed was assuned to be "Catal yst 4". The amount of surface
hydr oxyl groDpeotefalaliygt sdlndsac8d5cphelyaR, wandashenadountbef acid
exhibiting pKa of -5.6 or Iess was 190 pnol/g. [0123] <Treatnent of solid
aci d cat'gkystl ywitt B "or gihé camonpound supBoraad/ siripotganteidenpbund and
production of polyether> Exanple 1-1 _
Catalyst 2 determined by calculation on the basis of the
impregnation solution composition was 16.9 percent by weight
relative to the entire amount of the catalyst.
The amount of surface hydroxyl group of Catalyst 2 was
3.4 pmol/mz, and the amount of acid exhibiting pKa of -5.6
or less was 100 pmol/g.
[0119]
Catalyst synthesis example 1-3
After 88.01 g of zirconium oxynitrate agueous solution
(produced by Shin Nippon Metal & Chemical Co., Ltd.,
concentration 18.12 percent by weight in terms of Zr02) was
blended with 26.13 g of desalted water, mixing was conducted
homogeneously. The resulting mixture was blended with 11.84
g of urea and mixing was conducted homogeneously so as to
prepare an impregnation solution. The resulting solution
was blended with 80 g of S$i0O2 (produced by Fuji Silysia
Chemical Ltd., CARiACT Q30), and impregnation was conducted
by pore-filling (the amount of impregnation solution was
100% of the carrier pore volume) while mixing was conducted

by shaking for about 1 hour.

[0120]

This was put into a 500-ml pear-shaped flask, a joint



[ Treatment of solid acid catalyst with organi c conpound and/or inorganic
conpound] In a nitrogen atnosphere, 100 m of ethanol (water content 50
ppm dehydrated with nol ecul ar sieve 3A in advance and 98.3 g (832.2 mmol)
of diethyl carbonate (water content 50 ppm) were mxed in a 500-m flask
provided with a reflux cooling pipe. Here, after 50 g of (Catalyst 1) was
added to the above-descri bed m xed solution while agitation was conducted,
and heating was conducted in an oil bath for 1 hour with reflux. After
standing for cooling, the reflux qp&%%qg pi pe was replaced with a
distillation head, the tenperature gradual |y raised by heating in the
oil bath, ethanol and diethyl carbonate were renoved by distillation at
90C to 140C, and a treatment was conducted for 4 hours in the oil bath at
140C whihéd ni traged wabepdddedd afitdr glasandbn@ werecoohnhagtetiheoresul ting
catal yst was preserved in an enclosed container in a nitrogen atnosphere
so as tthesepperapoatéatnabystheoflesdsl uandon. thhemamebtint whssurf ace

hydr oxyl group of this catalyst for evaluation was 1.5 nol/nR2, and the
anount obnaeictedexhi bi neagupkaecot pPBréion.| ébeyeaiudo, nohd gf 149K 24]

[ Eval uati on of polyether production reaction] - 59 A flow reaction

appar at U8shavrarg #H1¥dl amelempsZze @ 1 tigliarded thwiath 2 qfafy tdiieat al yst

for evaluation. A mxed solution of THF, acetic anhydride, and acetic acid
(meightThe rotating shaft was rotated at a speed of 10 rpm, the

temperature of the drier was set at 105°C, and heating was
conducted for 2 hours. After the curved tube filled with
glass wool at the upper portion was removed, the temperature
of the drier was set at 120°C, and heating'was conducted for
16 hours.

After the joint at the upper portion was removed, the
temperature of the drier was set at 140°C, and heating was
conducted for 4 hours, so as to remove the water completely.
The heating and rotation were terminated after a lapse of 4
hours, and the catalyst was taken out.

[0121]

The catalyst was transferred to a 500-ml beaker and
stood for cooling to room temperature. After about 300 ml
of desalted water was added, suspension washing was
conducted for about 10 minutes. The catalyst was filtrated
and was transferred to the 500-ml beaker again. A solution,
in which 30 g of ammonium bicarbonate was dissolved into 300
ml of desalted water, was added and suspension washing was
conducted for about 10 minutes. The catalyst was filtrated

and was transferred to the 500-ml beaker again. After about



ratio, THF 258.6, acetic anhydride 29.3, acetic acid 1) was passed at a
flowrate of 87.4 m/h, and heating was conducted up to 35C. A reaction
solution was taken at evenly spaced tinme intervals, and the yield, the
nunber average nol ecul ar wei ght (M), and the nol ecul ar wei ght

di stribution (MvV M) were neasured wth GPC. [0125]. The initial degree of
conversion was 34.2% the initial M was 2,257, and the initial Mv M was
1.81. Wien the reaction tinme was 162.5 h, the degree of conversion was
28.3% (the degree of conversion relative to the initial value was 83%, M
was 2,232, and MV Mh was 1.80 (deterioration relative to the initial value
was -0.01). [0126] Conparative exanple 1-1 Evaluation of polyether
production reaction was conducted as in Exanple 1-1 except that 22g of the
above- @88cmilbed Casalyst Vahas wgéda@ﬁﬁﬁouﬁuﬁ@ﬁﬁ@lpﬂeﬁﬁég;nﬁhéaﬁnitiaI
degree of conversion was 39.7% the initial M was 1,851, and the initial
MV Mh wasntugzednfer eheutr ddchiionteisne Tass16asBiRg vYheRdeRee of
conversion was 28.2% (the degree of conversion relative to the initial -
60 val desadser1vterh s rePgES Sdahd OMMME Swas T 852 Le 4¥E_rVBF at i on

r6|ativgi29d&q%dig&%i%giggl%?t%az Bgie%)ét H%%g%]fgﬁagph?g%ig
Subsequently, firing was conducted at 900°C for 2 hours
while the air was passed.

The resulting solid acid catalyst was assumed to be
"Catalyst 3". The amount of supported zirconium oxide of
Catalyst 3 determined by calculation on the basis of the
impregnation solution composition was 16.9 percent by weight
relative to the entire amount of the catalyst.

The amount of surface hydroxyl group of Catalyst 3 was
3.3 pmol/mz, and the amount of acid exhibiting pKa of -5.6
or less was 100 pmol/g. |
(0122}

Catalyst synthesis example 1-4

A solid acid catalyst obtained by firing Tonsil
OptimumFF, which was a clay (activated clay) catalyst and
which was produced by Sued Chemie, at 400°C for 1 hour while
the air was passed was assumed to be "Catalyst 4".

The amount of surface hydroxyl group of Catalyst 4 was
3.5 pmol/mzi and the amount of acid exhibiting pKa of -5.6
or less was 190 pmol/g.

[0123]

<Treatment of solid acid catalyst with organic compound



A fixed-bed flow treatnent apparatus was filled with 40 g of the
above-descri bed Catal yst 2, and nitrogen was passed at a flowrate of 0.8
L/'mn. Thereafter, in addition to the nitrogen, passing of methanol (water
content 50 ppm) in a gaseous state at a flowrate of 32 ng /m n was
started, heating was conducted up to 100C, and that state was kept for 5
hours. The passing of nethanol was termnated after a |apse of 5 hours,
nmerely nitrogen was passed, and that state was kept for 4 hours. After
standing for cooling, the resulting catalyst was preserved in an encl osed
container in a nitrogen atnosphere-sias to serve as a catalyst for

eval uation. The anount of surface hydroxyl group of this catalyst for

eval uation was 2.0 pnol/nR2, and the anmount of acid exhibiting pKa of -5.6

I 0. | /.Q. I i f..pQl yet ti ti
O <55 AR GH0 B L Oh5fp Y AL OBl 0] KR! DERRERgUGt T o et o
eval uati on “@§aﬂ§?gé§TTe initial degree of conversion was 34.4% the

was 2,

initial Nh T and the initial Mv M mas_1.76. When the - 61
react| onqtigRnuas 1624010 bhs deakeq el GaRKeLEaR MRSonEBuA (Lhe degree

i
of conversion relative to the initial ~ value was 74%, M was 2,322, and

MV M Wag g ol 1 n9ek8Niicoatdeunkgl ative to the initial value was +0.01).
[0129]

In a nitrogen atmosphere, 100 ml of ethanol {(water
content 50 ppm) dehydrated with molecular sieve 3A in
advance and 98.3 g (832.2 mmeol) of diethyl carbonate (water
content 50 ppm) were mixed in a 500-ml flask provided with a
reflux cooling pipe. Here, after 50 g of (Catalyst 1) was
added to the above-described mixed solution while agitation
was conducted, and heating was conducted in an o0il bath for
1 hour with reflux. After standing for cocling, the reflux
cooling pipe was replaced with a distillation head, the
temperature was gradually raised by heating in the oil bath,
ethanol and diethyl carbonate were removed by distillation
at 90°C to 140°C, and a treatment was conducted for 4 hours
in the oil bath at 140°C while nitrogen was passed. After
standing for cooling, the resulting catalyst was preserved
in an enclosed container in a nitrogen atmosphere so as to
serve as a catalyst for evaluation.

The amount of surface hydroxyl group of this catalyst
for evaluation was 1.5 pmol/mz, and the amount of acid
exhibiting pKa of -5.6 or less was 110 umol/g.

[0124]

[Evaluation of polyether production reaction]



Exanple 1-3 A fluidized-bed flow treatnent apparatus was filled wth 80 g
of the above-described Catal yst 2, and nitrogen was passed at a flowrate
of 1.6 L/mn. Thereafter, in addition to the nitrogen, passing of
trimethylsilyl acetate in a gaseous state at a flowrate of 88 ng /m n was
started, heating was conducted up to 100C, and that state was kept for 5
hours. The passing of trinmethylsilyl acetate was termnated after a | apse
of 5 hours, heating was conducted up to 200C, nerely nitrogen was passed,
and that state was kept for 4 hours.5After standing for cooling, the
resulting catalyst was preserved in an enclosed container in a nitrogen
at nosphere so as to serve as a catalyst for evaluation. The anount of
surface hydr ox roup of this catalys 2 for evaluation s 1.4 1/ m,
and t he annuﬁt¥i?%a5?50té9ﬂiﬁ???ﬁ@gbéag%Vlgg.% oF P@%soﬁagﬁﬁoﬁin%?gg.

[ 0130] val uati gn.of, pol yet her. production act| co as in
Exanplecﬁafgg cgﬁthkgtgz 3 5% ShF§%8§¥§%y§%%¥%%%S@agginéva S@%%%% was
used. The,ini.ti al ree _of n j S . 0%, .t:he jiniti ; was
5000, | ARdULHET Rit ﬁfgﬁﬁmﬁﬁ%i%aéﬁﬁ??&%?di%ﬁeﬁ‘%?h%é"*ﬁ%?cﬁcgﬁi _t(?“]r‘?é s 162.0 h,
the degree;qf GRAVOLH.Q) WRReid! DHkRI9Y.8¢ AlectQ/aion)! ¢hative to

passed at a flow rate of 87.4lml/h, and heating was

conducted up to 35°C. A reaction solution was taken at
evenly spaced time intervals, and the yield, the number
average molecular weight (Mn), and the molecular weight
distribution (Mw/Mn) were measured with GPC.
[0125] .

The initial degree of conversion was 34.2%, the initial
Mn was 2,257, and the initial Mw/Mn was 1.81. When the
reaction time was 162.5 h, the degree of conversion was
28.3% (the degree of conversion relative to the initial
value was 83%), Mn was 2,232, and Mw/Mn was 1.80
(deterioration relative to the initial value was -0.01).
[0126] |

Comparative example 1-1

Evaluation of polyether production reaction was
conducted as in Example 1-1 except that 22g of the above-
described Catalyst 1 was used without being treated.

The initial degree of conversion was 39.7%, the initial
Mn was 1,851, and the initial Mw/Mn was 1.82. When the
reaction time was 161.5 h, the degree of conversion was

28.2% (the degree of conversion relative to the initial



val ue was 82%, M was 2,967, and MV Mh was 1.78 (deterioration relative
to the initial value was -0.02). [0131] Conparative exanple 1-2 Eval uation
of pol yether production reaction was conducted as in Exanple 1-1 except
that 22g.of the above- described Catalyst 2 was used w thout being treated.
The initial degree of conversion was 32.0% the initial M was 2,287, and
the initial MM M was 1.76. When the reaction tinme was 163.7 h, the degree
of conversion was 23.5% (the degree of conversion relative to the initial
val ue was 73%, M was 2,282, and MvM Mh was 1.81 (deterioration relative to
the initial value was +0.05). [0132]%%Exanple 1-4 A fluidized-bed flow
treatnment apparatus was filled wth 80 g of the above-described Catal yst

3, and nitrogen was passed at a flowrate of 1.6 L/m n. Heating was

conduct gd;yn hgsleﬁg? Thar gakt er g1hn ﬁﬁg'hw9ﬂnt9abh§ gBi trogen, passing of
trinethylsilyl acetaté (water content - 10 ppmor less) in a gaseous

state ayqarkhoWrhatBnoke38tite &61@h@ainitaauedalaadwaaauosoaye was kept
for 5 hours. The passing of trinethylsilyl acetate was term nated after a

| apse ofig32hours, heating was conducted up to 200C, nerely nitrogen was
passed, and that state was kept for 4 hours. After standing for cooling,

the resul ti ngxsadbs yst2 was

A fixed-bed flow treatment apparatus was filled with 40
g of the above-described Catalyst 2, and nitrogen was paésed
at a flow rate of 0.8 L/min. Thereafter, in addition to the
nitrogen, passing of methanol (water content 50 ppm) in a
gaseous state at a flow rate of 32 mg /min was started,
heating was conducted up to 100°C, and that state was kept
for 5 hours. The passinngf methanol was terminated after a
lapse of 5 hours, merely nitrogen was passed, and that state
was kept for 4 hours. After standing for cooling, the
resulting caﬁalyst was preserved in an enclosed container in
a nitrogen atmosphere so as to serve as a catalyst forx
evaluation.

The amount of surface hydroxyl group of this catalyst
for evaluation was 2.0 umol/mz, and the amount of acid
exhibiting pKa of -5.6 or less was 90 pmol/g.

[0128]

Evaluation of polyether production reaction was
conducted as in Example 1-1 except that 22g of this catalyst
for evaluation was used.

The initial degree of conversion was 34.4%, the initial

Mn was 2,399, and the initial Mw/Mn was 1.76. When the



preserved in an enclosed container in a nitrogen atnosphere so as to serve
asa catal yst for evaluation. The anount of surface hydroxyl group of this
catalyst for evaluation was 1.6 nol/nR2, and the anmount of acid exhibiting
pKa of -5.6 or less was 100 gnol/g. [0133] Evaluation of polyether
production reaction was conducted as in Exanple 1-1 except that 22g of
this catalyst for evaluation was used. The initial degree of conversion
was 28.8% the initial M was 2,022, and the initial Mv Mh was 1.64. Wen
the reaction time was 142.5 h, the degree of conversion was 23.5% (the
degree of conversion relative to the itial value was 82%, M was 1, 890,
and MV M\h was 1.66 (deterioration relative to the initial value was
+0.02). [0134] Exanple 1-5 A fluidized-bed flow treatnent apparatus was
filled reiatchi®h giek whe albavé- desdthchedgCakalofsicodveawdonm Wesgen - 64 was
passed at a flowrate of 1.6 L/mn. Heating was conducted up to 100C
. Ther eaf 2ér. 3% n thedideigaret o ft enveirtsioge relpadyiendgootthdi dnhrliadt hyl si | ane
(water content 10 ppmor less) in a gaseous state at a flowrate of 68 ng
/mn waslstamaed7440d Mhawast &t 82%as ehilw/din Fagodr-g.7 The passing of
di ethyl nethyl silane was term nated after a lapse_of 5 hours, heating was
conduct ddefe iorzddon medeityve to the initial value was +0.01).
[0129]
Example 1-3
A fluidized-bed flow treatment apparatus was filled
with 80 g of the above-described Catalyst 2, and nitrogen
was passed at a flow rate of 1.6 L/min. Thereafter, in
addition to the nitrogen, passing of trimethylsilyl acetate
in a gaseous state at a flow rate of 88 mg /min was started,
heating was conducted up to 100°C, and that state was kept
for 5 hours. The passing of trimethylsilyl acetate was
terminated after a lapse of 5 hours, heating was conducted
up to 200°C, merely nitrogen was passed, and that state was
kept for 4 hours. After standing for cooling, the resulting
catalyst was preserved in an enclosed container in a
nitrogen atmosphere so as to serve as a catalyst for
‘evaluation.
The amount of surface hydroxyl group of this catalyst
for evaluation was 1.4 pmol/mz, and the amount of acid
exhibiting pKa of -5.6 or less was 100 pmol/g.
[0130]

Evaluation of polyether production reaction was

conducted as in Example 1-1 except that 22g of this catalyst



nitrogen was passed, and that state was kept for 4 hours. After standing
for cooling, the resulting catalyst was preserved in an encl osed contai ner
in a nitrogen atnosphere so as to serve as a catalyst for evaluation. The
anount of surface hydroxyl group of this catalyst for evaluation was 2.0
nol / m2, and the amount of acid exhibiting pKa of -5.6 or |ess was 100
pnol /g. [0135] Evaluation of polyether production reaction was conducted
as in Exanple 1-1 except that 22g of this catalyst for evaluation was
used. The initial degree of conversiolzmas 31.4% the initial M was
1,746, and the initial MM Mh was 1.64°° VWhen the reaction tine was 139.7 h,
the degree of conversion was 25.3% (the degree of conversion relative to
the initial value was 81%, M was 1,797, and MV VMh was 1. 66
(det eri @pat e 1nekdbnveatsoutskel.i nitial value was +0.02). [0136) - 65 -
Exanple 1-6 A fluidized-bed flow treatnent apparatus was filled wth 80 g
of the aboveTHestnibidl Cdtalyst oB, candensiongeas BAsOpasskd abiti&low rate
of 1.6 L/mn. Heating was conducted up to 140C. Thereafter, in addition to
the ni Mnogess, 3pa99i, ngnof tdieetimyitcieflhyiwgMname s( aBér. cd@n¢mnthd0 ppm or
| ess) in a gaseous state at a flowrate of 23 ng /mn was started, and
t hat st aeechdonképef was5188ulsh, Thée degree of conversion was
27.0% (the degree of conversion relative to the initial
value was 82%), Mn was 2,967, and Mw/Mn was 1.78
{deterioration relative to the initial wvalue was -0.02).
[0131]
Comparative example 1-2
Evaluation of polyether production reaction was
conducted as in Example 1-1 except that 22g.of the above-
described Catalyst 2 was used without being treated.
The initial degree of conversion was 32.0%, the initial
Mn was 2,287, and the initial Mw/Mn was 1.76. When the
reaction time was 163.7 h, the degree of conversion was
23.5% (the degree of conversion relative to the initial
value was 73%), Mn was 2,282, and Mw/Mn was 1.81
(deterioration relative to the initial value was +0.05).
[0132]
Example 1-4
A fluidized-bed flow treatment apparatus was filled
with 80 g of the above-described Catalyst 3, and nitrogen
was passed at a flow rate of 1.6 L/min. Heating was

conducted up to 100°C. Thereafter, in addition to the

nitrogen, passing of trimethylsilyl acetate {(water content



passi ng of diethylnethylsilane was term nated after a |lapse of 5 hours,
heating was conducted up to 200C, nerely nitrogen was passed, and that
state was kept for 4 hours. After standing for cooling, the resulting
catal yst was preserved in an enclosed container in a nitrogen atnosphere
SO as to serve as a catal yst for evaluation. The anmpbunt of surface hydroxyl
group of this catalyst for evaluation was 2.0 pnol/n2, and the anount of
acid exhibiting pKa of -5.6 or |ess was 100 gnol/g. [0137] Evaluation of
pol yet her production reaction was -<cohducted as in Exanple 1-1 except that
22g of this catalyst for evaluation was used. [0138] The initial degree
of conversion was 33.1% the initial M was 2,090, and the initial Mw Wh

was 1080 WhEN dhaed9act] O dJI RS AL, LN, the.dSanee of ggoRyer si on was

66 27.4% egree ‘'of conversion relative to the initial value was

83% , MymRsS sl Q.o adh MM MRs L88 e (&L ardar aftdirors frghald verhg the

initial value was +0.02). [0138] Conparative exanple 1-3 Eval uation of
pol yet h?@s@&@@”@ﬂ HT FRAG 1Y MAS aLARAUCHRL a% rnft 4@ l& thyl sexcept that

22g of the above- describéd Catalyst 3 was used w thout being treated. The
initial 1degeerofs ¢RMMEY,SIHR MRS 485 %orddi-tdd tilto 200°C, merely
nitrogen was passed, and that state was kept for 4 hours.
After standing for cooling, the resulting catalyst was
preserved in an enclosed container in a nitrogen atmosphere
S0 as to serve as a catalyst for evaluation.

The amount of surface hydroxyl group of this catalyst
for evaluation was 1.6 pmol/mz, and the amount of acid
exhibiting pKa of -5.6 or less was 100 umol/g.

[0133]

Evaluation of polyether preoduction reaction was
conducted as in Example 1-1 except that 22g of this catalyst
for evaluation was used.

The initial degree of conversion was 28.8%, the initial
Mn was 2,022, and the initial Mw/Mn was 1.64. When the
reaction time was 142.5 h, the degree of conversion was
23.5% (the degree of conversion relative to the initial
value was 82%), Mn was 1,890, and Mw/Mn was 1.66
{deterioration relative to the initial value was +0.02).
[0134]

Example 1-5

A fluidized-bed flow treatment apparatus was filled

with 80 g of the above-described Catalyst 3, and nitrogen



M was 1,582, and the initial MV Mh was 1.68. When the reaction tinme was
139.5 h, the degree of conversion was 23.0% (the degree of conversion
relative to the initial value was 78%, M was 1,567, and MV Mh was 1. 74
(deterioration relative to the initial value was +0.06). [0140] Exanple
1-7 A fluidized-bed flow treatnment apparatus was filled wth 80 g of the
above-descri bed Catalyst 4, and nitrogen was passed at a flowrate of 1.6
L/'mn. Thereafter, in addition to the nitrogen, passing of trinethylsilyl
acetate in a gaseous state at a flowrate of 88 ng /mn was started,
heati ng was conducted up to 100C, and4 hat state was kept for 5 hours. The
passing of trinmethylsilyl acetate was termnated after a | apse of 5 hours,
heati ng was conducted up to 200C, nerely nitrogen was passed, and that

state was. 8Lsqkent Loti8,nouis. AT hep 31andingulef; 5e0hing. the resul ting

cataly preserved in an~encl oSe con arneér in i trogen at nosphere
so as t S cat ahyst f i0 nt,ofpsurface
hydroxy?ogggégegfu?hls catalys?fh?ﬁggkgg%uag?o%&gl 4 an ne, and the

amount Hgtég dy, exhishihigng PK3 e@hv1Re®h ﬁsh@%ﬁewﬁ%a%gg Bhtgntl 9341]
Eval uat1 on o pol yetﬁer productlox reacglon was conducted as in Exanple
1-1 exceph bhate329 9h bhihgsedhdl ¥ehte at a flow rate of 68 mg /min
was started, and that state was kept for 5 hours. The
passing of diethylmethylsilane was terminated after a lapse
of 5 hours, heéting was conducted up to 200°C, merely |
nitrogen was passed, and that state was kept for 4 hours.
After standing for cooling, the resulting catalyst was
preserved in an enclosed container in a nitrogen atmosphere
so as to serve as a catalyst for evaluation.

The amount of surface hydroxyl group of this catalyst
for evaluation was 2.0 pmol/mz, and the amount of acid
exhibiting pKa of -5.6 or less was 100 pmol/g.

[0135]
Evaluation of polyether production reaction was
- conducted as in Example 1-1 except that 22g of this catalyst
for evaluation was used.

The initial degree of conversicn was 31.4%, the initial
Mn was 1,746, and the initial Mw/Mn was 1.64. When the
reaction time was 139.7 h, the degree of conversion was
25.3% (the degree of conversion relative to the initial
value was 81%), Mn was 1,797, and Mw/Mn was 1.66

(deterioration relative to the initial value was +0.02).

[0136]



for evaluation was used. [0142] The initial degree of conversion was
29.0% the initial M was 3,500, and the initial MV Mh was 1.84. Wen the
reaction tinme was 165.4 h, the degree of conversion was 12.2% (the degree
of conversion relative to the initial value was 42%, M was 3,470, and
MV Mn was 1.85 (deterioration relative to the initial value was +0.01).
[0143] Conparative exanple 1-4 Eval uation of polyether production reaction
was conducted as in Exanple 1-1 except that 22g of the above- descri bed
Catal yst 4 was used without being tregged. The initial degree of conversion
was 28.1% the initial M was 2,668, and the initial Mv Mh was 1.85. Wen
the - 68 reaction time was 165.4 h, the degree of conversion was 10.1%
(the degree of cogée{5|onrelat|ve tothe initial value was 36%, M was
2,794, and 2°00 (deterioration relative to the initial value was

0,19, Tabl““]ila“%b??@!%@ef@owbﬁ%ﬁ%&t’%ﬁ%‘%ﬁéﬁgﬁ“' {3d Sugtan Tl

reacti Ol tgatB%l %Sof t ama o%2TR2 %%%l’%g%u&tattglyglﬂr f3a,‘cgnd nitrogen
was passed at a flow rate of 1.6 L/min. Heating was
conducted up to 140°C. Thereafter, in addition to the
nitrogen, passing of diethylmethylsilane (water content 10
ppm or less) in a gaseous state at a flow rate of 23 mg /min
was started, and that state was kept for 5 hours. The
passing of diethylmethylsilane was terminated after a lapse
of 5 hours, heating was conducted up to 200°C, merely
nitrogen was passed, and that state was kept for 4 hours.
After standing for cooling, the resulting catalyst was
preserved in an enclosed container in a nitrogen atmosphere
sé as to serve as a catalyst for evaluation.

The amount of surface hydroxyl group of this catalyst
for evaluation was 2.0 pmol/mz, and the amount of acid
exhibiting pKa of -5.6 or less was 100 pmol/g.

{0137]

Evaluation of polyether production reaction was
conducted as in Example 1-1 except that 22g of this catalyst
for evaluation was used.

[0138]

The initial degree of conversion was 33.1%, the initial

Mn was 2,090, and the initial Mw/Mn was 1.66. When the

reaction time was 161.7 h, the degree of conversion was



used for treatnment hydroxyl group Amount of acid (J( nmol/nR2) (u nol/g)
Conparative Catalystl - 2.6 110 exanplel-1 Exanplel-1 Catalystl ethanol/
1.5 110 diethyl carbonate Conparative Catalyst2 - 3.4 100 exanplel-2
Exanpl el -2 Catal yst2 nethanol 2.00 90 Exanplel-3 Catalyst2 trinethylsilyl
1.4 100 acetate Conparative Catalyst3 - 3.3 100 exanplel-3 Exanplel-4
Catalyst3 trinethylsilyl 1.6 100 acetate Exanplel-5 Catalyst3

di et hyl met hyl silane 2.0 100 Exanplel-6 Catalyst3 diethylnmethylsilane 2.0
100 Conparative Catalyst4 - 3.5 190 exanple-1-4 Exanplel-7 Catal yst4
trimethylsilyl 2.4 190 acetate - 69 95[0146] [Table 1-2] C o c 0 Co LON
CON N N LO : '

27.4% (the degree of conversion relative to the initial
value was 83%), Mn was 2,108, and Mw/Mn was 1.68
(detericration relative to the initial value was +0.02).
[0138]

Comparative example 1-3

Evaluation of polyether production reaction was
conducted as in Example 1-1 except that 22g of the above-
déscribed Catalyst 3 was used without being treated.

The initial'degree of conversion was 29.6%, the initial
Mn was 1,582, and the initial Mw/Mn was 1.68. When the
reaction time was 139.5 h, the degree of conversion was
23.0% (the degree of conversion relative to the initial
value was 78%), Mn was 1,567, and Mw/Mn was 1.74
(deterioration relative to the initial value was +0.06).
[0140]}

Example 1-7

A fluidized-bed flow treatment apparatus was filled
with 80 g of the above-described Catalyst 4, and nitrogen
was passed at a flow rate of 1.6 L/min. Thereafter, in
addition to the nitrogen, passing of trimethylsilyl acetate
in a gaseous state at a flow rate of 88 mg /min was started,
heating was conducted up to 100°C, and that state was kept
for 5 hours. The passing of trimethylsilyl acetate was
terminated after a lapse of 5 hours, heating was conducted

up to 200°C, merely nitrogen was passed, and that state was
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kept for 4 hours. After standing for cooling, the resulting
catalyst was preserved in an enclosed container in a
nitrogen atmosphere so as to serve as a catalyst for
evaluation.

The amount of surface hydroxyl group of this catalyst
for evaluation was 2.4 pmol/mz, and the amount of acid
exhibiting pKa of -5.6 or less was 190 pmol/g.

[0141]

Evaluation of polyether production reaction was
conducted as in Example 1-1 except that 22g of this catalyst
for evaluation was used.

(0142}

The initial degree of conversion was 29.0%, the initial
Mn was 3,500, and the initial Mw/Mn was 1.84. When the
reaction time was 165.4 h, the degree of conversion was
12.2% (the degree of conversion relative to the initial
value was 42%), Mn was 3,470, and Mw/Mn was 1.85
{deterioration relative to the initial wvalue was +0.01}.
[0143]

Comparative example 1-4

Evaluation of polyether production reaction was
conducted as in Example 1-1 except that 22g of the above-
described Catalyst 4 was used without being treated.

The initial degree of conversion was 28.1%, the initial

Mn was 2,668, and the initial Mw/Mn was 1.85. When the
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reaction time was 165.4 h, the degree of conversion was
10.1% (the degree of conversionrelative to the initial
value was 36%), Mn was 2,794, and Mw/Mn was 2.00
(deterjoration relative to the initial value was +0.15).
[0144]

The above-described evaluation results are shown in

Table 1-1 and Table 2 collectively.

[0145]
[Table 1-1]
Catalyst used for reaction
Organic compound A f surf
Catalyst used for treatment rount of surtace Amount of acid
hydroxyl group ( L)
( ¢t mol~m?) Hmol/g
Comparative] o i lystl — 26 110
examplei—1
_ _ ethanol/

Example1—i | Catalyst1 diethyl carbonate 1.5 110
Comparative| . lyst2 — 3.4 100
example1-2
Example1—2 ; Catalyst2 methanol 2.0 20
Example1-3 | Catalystg |  timethvisilyl 1.4 100

acefate
Comparative Catalyst3 - 3.3 100
examplei1—3

_ trimethylsilyl
Examplel—4 | Catalyst3 acetate 1.6 100
Example1-5 | Catalyst3 | diethylmethylsilane 20 100
Examplei-6 | Catalyst3 | diethylmethylsilane 2.0 100
Comparative| v 1vsta ~ 35 190
examplel—4
trimethylsilyl

Examplel1—7 | Catalyst4 2.4 190

acetate
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[0147] As is clear from Table 1-1 and Table 1-2, the solid acid catalyst
having a smal |l anmount of surface hydroxyl group and a | arge anount of acid
can be obtained by treating the solid acid catalyst with an organic
conpound and/or an inorganic conpound in advance, and deterioration in the
degree of conversion over tinme can be prevented by using this solid acid
catal yst. Furthernore, deterioratioff 8 the nolecular weight distribution
.(MM M) of the resulting polyether over tine can be prevented and a

pol yet her having a narrow nol ecul ar wei ght distribution can be obtai ned.

[ 0148] [F@ﬁ@giption of the third aspect] The inventors of the present

i nvention found that a netal hydroxide and/or a netal oxide was able to be
supportepréglé.pagjier whil e being in a honogeneous, fine dispersion state
by conducting a hohbgeneous precipitation nmethod, which was a

precipitatiﬁ; geRet-gi-roR—f-ettioR--arraThomogereous—S g utTom, ]i n pores of
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the third aspect has been conpleted. [0149] In the honbgeneous
precipitation nethod, a precipitant (for exanple, a base) for converting
netal salts to netal hydroxides is generated in the insides of carrier
pores honogeneously. Therefore, it is believed that differences - 71 in
concentration of the nmetal hydroxi de depending on the positions in the
inside of the carrier becone extrenely small, and thereby, fine,
honbgeneous aggregati ons of nmetal hydroxide can be generated in the
carrier without generating |arge aggregations so as to obtain a solid acid
catalyst having a | arge anount of aci’§-base and a narrow acid strength
distribution. [0150] The gist of the third aspect resides in a process for
production of a solid acid catalyst, in which a netal hydroxide and/or a
nmet al m; i supported by a carrier, characterized by including the step
of allowng the netal hydroxide and/or the nmetal oxide to be supported in

pores of thQLald i@ledly GUWUHBIY A NURISAGOUS PILCIHHd AdPy method in

the carrier pores. [0151] According to the third aspect, the honogeneous
preci pi tadi ®ncies Dpsh NRY: £ﬁ§aah9ﬂ99fn§@§§n@réﬁl@hiﬁéb@”hyﬂ?bﬁ?ﬂ by using a

preci pitant precursor.
group and a large amount of acid can be obtained by treating
the solid acid catalyst with an organic compound and/or an
inorganic compound in advance, and deterioration in the
degree of conversion over time can be prevented by using
this solid acid catalyst. Furthermore, deterioration in the
molecular weight distribution (Mw/Mn) of the resulting
polyether over time can be prevented and a polyether having
a narrow molecular weight distribution can be obtained.
[0148]
[Description of the third aspect]

The inventors of the present invention found that a
metal hydroxide and/or a metal oxide was able to be
supported in a carrier while being in a homogeneous, fine
dispersion state by conducting a homogeneous precipitation
method, which was a precipitation generation reaction from a
homogeneous solution, in pores of a carrier. Consequently,
the third aspect has been completed.

[0149] |

In the homogeneous precipitation method, a precipitant

(for example, a base) for converting metal salts to metal

hydroxides is generated in the insides of carrier pores

homogeneously. Therefore, it is believed that differences



The above-descri bed precipitant precursor nmay be a base precursor. [0153]
The netal hydroxide and/or the netal oxide may be a hydroxi de and/or an
oxi de of at |east one type of netal - 72 elenent selected fromthe group
consisting of the group 3, the group 4, the group 5, the group 13, and the
group 14 in the periodic table. [0154] The base precursor may be urea.
[ 0155] According to the third aspect, a netal hydroxide and/or a netal
oxi de can be supported in a carrier while being in a honbgeneous, fine
di spersion state by conducting a honogeneous precipitation nmethod, which is
a precipitation generation reaction froma honogeneous solution, in pores
of the carrier. As aresult, a solid acid catalyst having a |arge anount
of acid-base and a narrow aci strenﬂth distribﬁtion can be ﬁgtained.

[ r |

[0156] ‘Rbre@BERpretion t ?é%mﬂ%ﬁ% DYARSFider ASREPIANY @%cHBn of
oL oL e, s oL IR 8P R DALV BLESHL oL Vgl St butor
above-d%ﬁﬁgif¥xgﬁﬁ”£ﬁgf%%§t ffﬁglyﬁémoégﬁég&s aggregations of metal

hydroxide can be generated in the carrier without generating

large aggregations so as to obtain a solid acid catalyst

having a large amount of acid-base and a narrow acid

strength distribution.

[0150]

The gist of the third aspect resides in a process for
production of a solid acid catalyst, in which a metal
hydroxide and/or a metal oxide is supported by a carrier,
characterized by including the step of allowing the metal
hydroxide and/or the metal oxide to be supported in pores of
the carrier by conducting a homogeneous precipitation method
in the carrier pores.

[0151]

According to the third aspect, the homogeneous
precipitation method may be a homogeneous precipitation
method by using a precipitant precursor.

[0152]

The above-described precipitant precursor may be a base

precursor.
[0153]
The metal hydroxide and/or the metal oxide may be a

hydroxide and/or an oxide of at least one type of metal



The enbodi nent according to the third aspect will be described belowin
detail. However, the following description of constituent features is an
exanple (typical exanple) of execution forns of the third aspect, and the
73 third aspect is not specifically limted to these contents wthin the
bounds of the gist. [0158] The solid acid catal yst produced according to
the third aspect is a solid acid catalyst, in which a netal hydroxide
and/or a metal oxide is supported in carrier pores while being in a
honogeneous, fine dispersion state by conductlng a honopgeneous
precipitation method in the carrier~pdles. [0159] This honpbgeneous
precipitation nmethod is conducted by, for exanple, inpregnating a carrier
with a nmetal salt and a precipitant precursor, which generates a

preci pi t@dmdhE OslecBeg "R RAELE gféﬁ@ncoﬁsﬂstlﬂgdbflﬁﬁés rblipazgol ution,
at- the sane tinme, and subjecting npregnated carrier ?o a treatnent,

e.g., aihpatg fé@ﬁI@Pnﬁhef@fo@ﬁnﬁﬁaﬁhégg£8ﬁp P8 eChRAt ARk éf@ﬁ?tﬂ@ in

preC|p|tant precursor. For th onbgeheous precipitation nethod, it is

|nportamhérpéri$a¢ém&§%1§alt and the precipitant precursor constitute a
liquid phase, that is, a solution. In the present invention, the carrier

is inmprewissep with an i npregnation solution including the netal salt and
the precipitant precursor and, thereafter, the treatnent for generating
t he precipit e base precursor may be urea.
[0155]
According to the third aspect, a metal hydroxide and/or
a metal oxide can be supported in a carrier while being in a
homogeneous, fine dispersion state by conducting a
homogeneous precipitation method, which is a precipitation
generation reaction from a homogenecus solution, in pores of
the carrier. As a result, a solid acid catalyst having a
large amount of acid-base and a narrow acid strength
distribution can be obtained.
[0156] |
For example, in the ring-opening polymerization
reaction of tetrahydrofuran, alpolyether having a narrow
molecular weight distribution can be produced at a high
degree of conversion by using the above-described solid acid
catalyst.
[0157]
The embodiment according to the third aspect will be
described below in detail. However, the following

description of constituent features is an example (typical

example) of execution forms of the third aspect, and the



fromthe precipitant precursor is conducted. [0160] [Process for
production of solid acid catalyst] - 74 A process for production of a
solid acid catalyst according to the third aspect by the honbgeneous
precipitation nmethod, in which the carrier is inpregnated wth the

I npregnation solution including the netal salt and the precipitant
precursor and, thereafter, the treatnent for generating the precipitant
fromthe precipitant precursor is conducted, as described above, wll be
described. [0161] (1) Carrier The carmier to be used in the third aspect
Is not specifically limted. However, netal oxides, conposite netal

oxi des, zeolite and the |like, and clay and the like are preferable.
Silica, alum.na, zirconia, titania, Lica- |I|ca zirconia, and
S 1§ oa. (PR AR CaBPRCHOLE RoF FREabEACASIY LA SEPnT AaChaRA SPACERER ar e
particul arl pr ef er abl The particle dianmeter, the pore dianeter,
and the'%%?%lnvEP%nEO%?g?h%g ﬁ%lﬁ%sﬁre different depending on uses and
appllcathgf %irns of the solid acid catalyst, and cannot be univocally
specifie ? 63] These carriers nmay be used alone or at |east two types

The solid acid catalyst produced according to the third
aspect is a solid acid catalyst, in which a metal hydroxide
and/or a metal oxide is supported in carrier pores while

— being in a homogeneous, fine dispersion state by conducting
a homogeneocus precipitation method in the carrier pores.
[0159}

This homogeneous precipitation method is conducted by,
for example, impregnating a carrier with a metal salt and a
precipitant precursor, which generates a precipitant through
a chemical reaction, e.g., hydrolysis, in a solution, at the
same time, and subjecting the impregnated carrier to a
treatment, e.g., a heat treatment, for generating the
precipitant from the precipitant precursor. For the
homogeneous precipitation method, it is important that the
metal salt and the precipitant precursor constitute a liquid
phase, that is, a solution. In the present invention, the
carrier is impregnated with an impregnation solution
including the metal salt and the precipitant precursor and,
thereafter, the treatment for generating the precipitant
from the precipitant precursor is conducted.

[0160]

[Process for production of solid acid catalyst]



may be used in conmbination. [0164] - 75 (2) Metal hydroxide and/or netal
oxi de The netal hydroxide and/or the netal oxide to be supported by the
above-described carrier is not specifically Ilimted. It is usually a

hydr oxi de and/ or an oxide of a netal elenent of groups 2 to 14 in the
periodic table, preferably a hydroxide and/or an oxide of at |east one
type of netal elenent selected fromthe group consisting of the group 3,
the group 4, the group 5, the group 13, and the group 14 in the periodic
tabl e, nore preferably a hydroxide and/or an oxide of at |east one type of
netal el ement selected fromthe groug4consisting of Ti, Zr, Hf, No, Al,
and Si, and particularly preferably a hydroxi de and/or an oxide of at

| east one type of netal el ement selected from the group consisting of Ti,

Zr, A, and N .pAdeh] fdB)pMiwitiod toffhe dBtal &ald daxcdmgygased in the

hoaneneous preC|p|tat|on method is a netal salt, fromwhich the above-

descrlbeﬂuﬂfﬁ@&n@yaﬁoxm@etmﬂﬂdoasp@@tnByath@xm@mbg@n@@usSUpported by the
resulting solid acid catalyst is generated, and therefore, is usually a

salt of g phbvee iesaiétiesd, nbt alh btieneind edrgienpss 2imprdgnated he
periodic table, preferably a netal elenment selected fromthe group
consi st iwiclofthdeimproegsatiiont, sdlutlBon aime dd imprehe metal salt and
the precipitant precursor and, thereafter, the treatment for
generating the precipitant from the precipitant precursor is
conducted, as described above, will be described.
[0161]
(1) Carrier

The carrier to be used in the third aspect is not
specifically limited. However, metal oxides, composite
metal oxides, zeolite and the like, and clay and the like
are preferable. Silica, alumina, zirconia, titania, silica-
alumina, silica-zirconia, and silica-titania are more
preferable. Silica, alumina, and zirconia are particularly
preferable.

[0162]

The particle diameter, the pore diameter, and the pore
volume of the carrier are different depending on uses and
application forms of the solid acid catalyst, and cannot be
univocally specified.

{0163]
These carriers may be used alone or at least two types

may be used in combination.

[0164]



preferably Ti, Zr, Hf, Nbo, Al, or Si, and particularly - 76 - preferably
Ti, Zr, Al, or Nb. [0166] The type of the salt is not specifically
limted. However, a nitrate, an acetate, a sulfate, an oxynitrate, a
chloride, or an oxychloride is preferable, and an oxynitrate, an
oxychloride, and a sulfate is nore preferable. [0167] That is, for the
netal salt, a nitrate, an acetate, a sulfate, an oxynitrate, a chloride,
or an oxychloride of a nmetal of the groups 2 to 14 in the periodic table
is preferable, and zirconi um oxynitcatg, -zi rconi um oxychl oride, zirconium
sulfate, titaniumchloride, alumnumsulfate, or niobiumoxychloride is
further preferable. [0168] These netal salts may be used al one or at | east
two types may be used in conb'Pation. i0169 (4) Precipitant precursor
The preci$l t%‘%alprlé‘lﬁﬁ%’b]rd%&‘é et ie*bt®sent  invention undergoes a
chem cal reaction, e.g., hydr.o]ysis by .a treat.ment..e..g.,. heating, in an
i mpr egnat i on dEtEr hé’éh%%“tdl?‘ GREO% £he &egzcallpinghc{g 1%mb%reci pi t ant
reacts wth tal salt .in the inpregnation. sol ption so as:k9-,fpyse
preci pi t%‘lﬁ%‘?ﬁ%ef@a?yrrpsréef %R/Odf%?lfedseggﬁb %régél??r%%gl £ OI)?I de.p%\ml)ngc%r eti pi t ant
preCU““%fﬁié%&?e%%p&%aﬂgually a hydroxide and/or an oxide of a

metal element of groups 2 to 14 in the periodic table,

preferably a hydroxide and/or an oxide of at least one type

of metal element selected from the group consisting of the

group 3, the group 4, the group 5, the group 13, and the

group 14 in the periodic table, more preferably a hydroxide

and/or an oxide of at least one type of metal element

selected from the group consisting of Ti, Zr, Hf, Nb, Al,

and Si, and particularly preferably a hydroxide and/or am

oxide of at least one type of metal element selected from

the group consisting of Ti, Zr, Al, and Nb.

[0165]

(3) Metal salt

The metal salt to be used in the homogeneous

precipitation method is a metal salt, from which the above-

described metal hydroxide and/or the metal oxide to be

supported by the resulting solid acid catalyst is generated,

and therefore, is usually a salt of the above-described

metal element of groups 2 to 14 in the periodic table,

preferably a metal element selected from the group

consisting of the groups 3, 4, 5, 13, and 14, more

preferably Ti, zr, HEf, Nb, Al, or Si, and particularly



- 77 precursor which generates a base as a precipitant, that is, the
preci pi tant precursor which generates a base through hydrolysis or other
chemi cal reaction in an inpregnation solution and increases the pH of the
solution so as to precipitate a nmetal salt as a hydroxide or an oxide, is
referred to as a "base precursor”. [0170] The precipitant precursor for
conducting the honbgeneous precipitation nethod is not specifically
limted. However, in general, the base precursor is used. [0171] For the
base precursor, urea, cyanuric acid, alkyl- substituted urea, thiourea,

al kyl -substituted thiourea, amde Eoﬁﬁoﬁnds conposed of am nes and
carboxylic acids, and the like are used. Preferably, urea, cyanuric acid,
and al kyl-substituted urea are used. It is particularly preferable to use
urea angr@fEnHLIsy agi d A, om1 heswiwpoi nt  of the ease of availability and

the cost. These base precursors may be used alone or at |east two types
may be [wseskjn conbination. [0172] (5) Basic substance Not only the
above-descri bed base precursor, but also a predeterm ned anount of basic
subst ance mayhee tggeecdft ¢hehealitnpse goat isprecidlikildly ilimddwaince in order to
increase the pH - 78
However, a nitrate, an acetate, a sulfate, an oxynitrate, a
chloride, or an oxychloride is preferable, and an oxynitrate,
an oxychloride, and a sulfate is more preferable.
[0167]
That is, for the metal salt, a nitrate, an acetate, a
sulfate, an oxynitrate, a chloride, or an oxychloride of a
metal of the groups 2 to 14 in the periodic table is
preferable, and zirconium oxynitrate, zirconium oxychloride,
zirconium sulfate, titanium chloride, aluminum sulfate, or
niocbium oxychloride is further preferable.
[0168]
These metal salts may be used alone or at least two
types may be used in combination.
[0169]
(4) Precipitant precursor
The precipitant precursor according to the present
invention undergoes a chemical reaction, e.g., hydrolysis,
by a treatment, e.g., heating, in an impregnation solution
so as to generate a precipitant. The precipitant reacts
with a metal salt in the impregnation solution so as to

cause precipitation of a metal hydroxide and/or a metal

oxide. Bmong precipitant precursors, a precipitant



wi thin the bounds of not causing precipitation. It is also possible to
reduce the usage of the base precursor and the tinme required to generate
precipitation by using the basic substance. [0173] The basic substance is
not specifically limted. Exanples thereof include hydroxi des, carbonates,
bi car bonat es, phosphates, and acetates of alkali netals, alkaline earth
netal s, and amoni ump ammoni a; and organic am nes. AmmoDni a; organic

am nes; and carbonates, bicarbonates, and phosphates of ammonia are
preferable, and anmoni um carbonates ard_anmoni um bi carbonates are nore
preferable. [0174] These basic substances may be used al one or at | east
two types nmay be used in conbination. [0175] (6) | npregnati on sol ution

Usual Iy, the inpregnation solution is re ar ed . di sso] vi it he

above- dERGIHEPISIHICK HNeEHeLHrah3 apP’é CHRbFaBhy, Qﬁ?tnje%eSsary,
t he basic substance into water. [0176 The concentrations of the netal
sal t an&h%@r%ﬁwtﬁﬁ%rﬁr‘?ﬁ%‘fﬁ%owhjr PP eYndt PIHE ngluﬂ?ﬁl%]ﬁ are not
speC|f|ca l'imted, sof ar di ssol ution sta i ntai ned
2ha "t he TR L (h T ST TSR 1R g A oot o3 1 6

gsolution and increases the pH of the solution so as to
precipitate a metal salt as a hydroxide or an oxide, is
referred to as a "base precursor".

[0170]

The precipitant precursor for conducting the
homogeneous precipitation method is not specifically limited.
However, in general, the base precursor is used.

[0171]

For the base precursor, urea, cyanuric acid, alkyl-
substituted urea, thiourea, alkyl-substituted thiourea,
amide compounds composed of amines and carboxylic acids, and
the like are used. Preferably, urea, cyanuric acid, and
alkyl-substituted urea are used. It is particularly
preferable to use urea and cyanuiic acid from the viewpoint
of the ease of availability and the cost. These base
precursors may be used alone or at least two types may be
used in combination.

[0172]
{(5) Basic substance

Not only the above-described base precursor, but also a
predetermined amount of basic substance may be added to the

impregnation solution in advance in order to increase the pH



favorabl e amount. of support by a-carrier described later. Usually, the
netal salt concentration is 0.01 to 50 percent by weight, preferably 0.1
to 40 percent by weight, and particularly preferably 0.5 to 30 percent by
wei ght. The precipitant precursor is 0.1 to 10 tinmes the theoreti cal
anount sufficient for precipitating the entire netal salt, preferably 0.2
to 8 tinmes, and particularly preferably 0.3 to 5 tinmes, as descri bed

| ater. [0177] The basic substance is used appropriately in such a way
that a required pH condition is obtained. That is, since the pH condition
required for generating precipitati6n7?s“ di fferent depending on the types
and the concentrations of the netal salt and the precipitant precursor to
be used, the basic substance is used at an anount required in accordance

Wi th thesecieNdiié Gisund 9 1d8]not nedlieing esestip IvepidéRn, Ith iy Galsd O
conduct the honpbgeneous precipitation nmethod 1n the carrier, it is

necessarpbddiail @ttd easdudnecig pesffe Bt aths dbdsansicédersor eshdi tlaat
precursor are in a liquid phase, that is, dissolution state, in the

i npr egnatinen rsajuliteah tefgeeeratd reeeabnttat tomtibe has treg prleeipad Bt
precursor is converted to a precipitant, is conducted. Substances other
t han t hesubsBftan@ahove- descri bed at | east one type of netal salt and the
preci pitant precursor nay be present in any state in the
[0173]
The basic substance is not specifically limited.
Examples thereof include hydroxides, carbonates,
bicarbonates, phosphates, and acetates of alkali metals,
alkaline earth metals, and ammonium; ammonia; and organic
amines. Ammonia; organic amines; and carbonates,
bicarbonates, and phosphates of ammonia are preferable, and
ammonium carbonates and ammonium bicarbonates are more
preferable.
[0174]
These basic substances may be used alone or at least
two types may be used in combination.
[0175]
(6) Impregnation solution
Usually, the impregnation solution is prepared by
dissolving the above-described metal salt, the precipitant
precursor and, if necessary, the basic substance into water.
[0176]
The concentrations of the metal salt and the

precipitant precursor in the impregnation solution are not

specifically limited, insofar as the dissolution state is



i npregnation solution. [0179] (7) Honogeneous precipitation nmethod <Met hod
for inpregnating carrier with inpregnation solution> The nethod for
i npregnating the carrier with the above-described inpregnation solution is
not specifically limted. However, it is preferable that a pore-filling
method is conducted in order to allowthe carrier to uniformy support
the nmetal salt. In this case, it is preferable that the volune of the
i npregnation solution, with which the carrier is inpregnated, is 60%to
120% of the carrier pore volune, furt/eer- preferably 70%to 110% and
particularly preferably 80%to 105% If the amount of liquid is too small
the inpregnation solution do not uniformy enter carrier pores, and
nonunifornitz results, Conversely, if the, anount %i tgo | arge, .the
i mpr egnadfdb% ayred | apd ot r EQNEERERRt40ReES SRIFARLSOEOFNECRELFLRY, 2and
nonuni formty also results, %0180% Qny anount caa be SElgcieg as the
anount ofaYetable gpount, ¢t SUBBBFEebYb§ TRETLGFr FEFCLAPSHgh®Ffibr egnati on.
However, the amount is uspally 0.01 to 50, percent .b g E relatjve to
he ver gHESoH T hetta ietst “5a Lk or BPs 528500 58 0 ptr oot SByPREFEHE . and
further refera@ y 0.1 30 pereept ;,81 1 gh -éﬁ al t he anmount
of the g%%d%?%% ébr%ﬁf%é %% Y gfgcgés%9 Pgrg%ggfkgege% gé éﬁ?hin t he range
of 0.1 10, 0ichfat SftBbey! §150ro V86! Bol-bEnt NBYY GLIGAL . AT
sufficiéﬁ? oF p?é@fﬁ??a.?ng ?%e EhtrFe ne?a% sal't guppogted

precipitant precursor is 0.1 to 10 times the theoretical

amount sufficient for precipitating the entire metal salt,

preferably 0.2 to 8 times, and particularly preferably 0.3

to 5 times, as described later.

[0177]

The basic substance is used appropriately in such a way

that a required pH condition is obtained. That is, since

the pH condition required for generating precipitation is

different depending on the types and the concentrations of

the metal salt and the precipitant precursor to be used, the

basic substance is used at an amount required in accordance

with these conditions.

[0178]

In the present invention, in order to conduct the

homogeneous precipitation method in the carrier, it is

necessary that at least one type of metal salt and the

precipitant precursor are in a liquid phase, that is,

dissolution state, in the impregnation solution before a

treatment, in which the precipitant precursor is converted

to a precipitant, is conducted. Substances other than the



by the carrier is assuned to be 1, preferably within the range of 0.2 to
8, and further preferably within the range of 0.3 to 5. [0181] <Method
for generating and after-treating precipitation> According to the third
aspect, a treatnent, e.g., heating, for converting the precipitant
precursor to a precipitant is conducted while the netal salt and the
preci pi tant precursor, which are supported by the carrier through

i npregnation of the carrier with the inpregnation solution, remain in the
state of solution in carrier pores, and the netal salt is converted to a
correspondi ng metal hydroxi de by the8Precipitant honpgeneously generated
in the inside of the carrier. [0182] 1In general, a base precursor is used
as the precipitant precursor, and hydrolysis of the base precursor through

heat i Ng Ji% HaQELRS i tealdmit di SRV L ik dNes DBS Gandrigedir sor to a
base. [0183] As described above, according to the third aspect, in 82

order .t @ GRNgYicta it §RAUMERe Ay HEeGRidaid ofh NEthoskdte the twarrier
pores, it is  required that at |east one type of netal salt and the
preci pi tidigrdYrR@ilsipsdAnfidghthe state of a solution, that is, a liquid
phase, before the treatnment, in which the precipitant precursor is
convert g@1t7® t he
(7) Homogeneous precipitation method
<Method for impregnating carrier with impregnation solution>
The method for impregnating the carrier with the above--
described impregnation solution is not specifically limited.
However, it is preferable that a pore-filling method is
conducted in order to allow the carrier to uniformly support
the metal salt. In this case, it is preferable that the
volume of the impregnation solution, with which the carrier
is impregnated, is 60% to 120% of the carrier pore volume,
further preferably 70% to 110%, and particularly preferably
80% to 105%. If the amount of liquid is too small, the
impregnation solution do not uniformly enter carrier pores,
and nonuniformity results. Conversely, if the amount is too
large, the impregnation solution adheres to the outer
surface of the carrier, and nonuniformity also results.
[01807 |
Any amount can be selected as the amount of metal salt
to be supported by the carrier through impregnation.
However, the amount is usually 0.01 to 50 percent by weight

relative to the weight of the carrier, preferably 0.05 to 40

percent by weight, and further preferably 0.1 to 30 percent



precipitant, is conducted. However, substances other than the
above-descri bed at | east one type of netal salt and the precipitant
precursor may be in any state. [0184] |In the case where the base precursor
is converted to the base through hydrolysis reaction effected by heating,
a heating tenperature within the range of 50C to 300C is wusually adopted,
and preferably the range of 60C to 200C is adopted. The heating
tenperature can al so be changed over tinme. If the heating tenperature is
too low, a reaction of generation ef8ihe precipitant fromthe precipitant
precursor may not occur or a very long tinme may be taken. If the heating
tenperature is too high, in some cases, the entire water required for

hydr ol q t Q0
DV Ve TBYgRE, RS DR Sebl spctil alogssit gl
conduct aé’%rds(aftfé"%@8@9?&9&%@‘9&1%%h@nraﬁﬁgogf bl1 t& poeferable

that.S%Eﬁ' reof “wa e 1 npregnation sol ut wth which the
carrier *}fsté’ﬁﬁé‘ FRLSE03E 861 o, WREEOSLRE £HE0PEE NEal NahbdRc When the
a

preciplt ion - generation reaction is finished, and further preferably
10% or np¢ é’{%ﬂ\@tf&r roFE 115 £ 4 0485] tndhenbeat i el &her canpperted
Wi

| npregnate the inpreghation solution my be conducted Iin the state
in whi chyy thge SUPPRT ér CAE Fd £5ul@eSt H0be NDY epRSLenablyi wethbrdtheat i ng
range of 0.2 to 8, and further preferably within the range
of 0.3 to 5. |
[0181]
<Method for generating and after-treating precipitation>

According to the third aspect, a treatment, e.qg.,
heating, for converting the precipitant precursor to a
precipitant is conducted while the metal salt and the
precipitant precursor, which are supported by the carrier
through impregnation of the carrier with the impregnation
solution, remain in the state of solution in carrier pores,
and the metal salt is converted to a corresponding metal
hydroxide by the precipitant homogeneously generated in the
inside of the carrier.

[0182]

In general, a base precursor is used as the precipitant
precursor, and hydrolysis of the base precursor through
heating is used as the treatment for converting the base
precursor to a base.

[0183]

As described above, according to the third aspect, in



apparatus. However, particularly in the case where a | arge anount of
catalyst is prepared, it is nore preferable that a fl uidized-bed

apparatus, a rotary heating apparatus, and the |ike are used wherein the
support carrier is fluidized. In the case where vaporization of water
occurs during heating, it is believed that when the support carrier is

fluidized, the anount -of vaporization of water does not vary on a
particle of the support carrier basis and, therefore, the uniformty is
further inproved. [0186] |If vaporiza%&on of water during heating is too
fast, the entire water may be renoVed“béfore the hydrolysis of the base
precursor is conpleted and, thereby, the precipitant may not be supplied
sufficiently. Therefore, usually, conplete renoval of water is conducted

desi r ablgrder sisfeanduey tiathdiegewd®is | prechpitest tomphetisdd bvethd hour
or nore, preferably 3 hours or nore, and further preferably 6 hours or

nor e af teyrdive heatdang its it ardaqdipesd thet ppecleadatons tygemesfiti on
reaction is finished. - 84 - [0187] If necessary, the resulting catalyst-is
washed widtal watlar ,arsh @ik ghrers migevupoetursan, ana i thagieous of
solution, an organic solvent, or the like and is dried. Thereafter, firing
i s conductssdlutican dthedspler e dfiqanid rehrase gdwefere). thei tyerfarent . ar gon, or
an atnosphere of an oxidizing gas, e.g., air or a diluted oxygen gas, so
that a in which the precipitant precursor is converted to the

precipitant, is conducted. However, substances other than

the above-described at least one type of metal salt and the

precipitant precursor may be in any state.

[0184] |

In the case where the base'precursor is converted to

the base through hydrolysis reaction effected by heating, a

heating temperature within the range of 50°C to 300°C is

usually adopted, and preferably the range of 60°C to 200°C

is adopted. The heating temperature can also be changed

over time. If the heating temperature is too low, a

reaction of generation of the precipitant from the

precipitant precursor may not occur or a very long time may

be taken. If the heating temperature is too high, in some

cases, the entire water required for hydrolysis may be

removed before the reaction of generation of the precipitant

from the precipitant precursor is finished. In order to

conduct a good, stable homogeneous precipitation method, it

is breferable that 5% or more of water in the impregnation

solution, with which the carrier has been impregnated,

remains at the point in time when the precipitation



solid acid catal yst having a desired performance can be obtained. The
heating and firing tenperature at this time is usually 100C to 1, 200C,
preferably 300C to 1,100C, and further preferably 500C to 1, @0C. The
catalyst activity and the stability of the resulting solid acid catalyst
can be inproved by conducting the above-described heating and firing.
[0188] (8) Solid acid catalyst The crystallite size of the netal oxides
and/or the netal hydroxide supported by the solid acid catalyst obtained
by the above-described steps is diffesant depending on the type of the
netal elenent, the anount of support, the type of the carrier, the firing
condi tion, and the like. However, in the case where the same netal salt is

used and aration_is.conducte th the.s o] t he
sane car¥% r ?ﬂﬁpt¥ﬁﬁgﬁﬁﬁpf%?|% %?fl%%d ?ﬁFtﬁcryé%a?%rggfgl%ggbecones
90% or | ess of th stal |ze - 85 in the case where preparation is
conduct € dFPtHe° é@? Sort mékﬂ%mn technol ogy, preferably 80%or |ess, and
further[dqéﬁﬁrably 75% or less. This crystallite size. is calculated from
t he hal f of an XRD neasurenent peak. [0189] 1In the solid acid

e roine oA S AEPHE oSOl ettt e, P

the impregnation solution may be conducted in the state in which
the support carrier does not move as in a fixed-bed heating
apparatus. However, particularly in the case where a large
amount of catalyst is prepared, it is more preferable that a
fluidized-bed apparatus, a rotary heating apparatus, and the
like are used wherein the support carrier is fluidized. 1In
the case where vaporization of water occurs during heating,
it is believed that when the support carrier is fluidized,
the amount of vaporization of water does not vary on a
particle of the support carrier basis and, therefore, the
uniformity is further improved.
[0186]

1f vaporization of water during heating is too fast,

the entire water may be removed before the hydrolysis of the
base precursor is completed and, thereby, the precipitant
may not be supplied sufficiently. Therefore, usually,
complete removal of water is conducted desirably in such a
way that the water is removed completely over 1 hour or more,
preferably 3 hours or more, and further preferably 6 hours

or more after the heating is started and the precipitation

generation reaction is finished.



carrier is 0.05 to 40 percent by weight and, in particular, 0.1 to 30
percent by weight. [0190] [Process for production of polyether] The solid
acid catal yst produced by the process according to the third aspect is
favorably used as a polynerization catalyst in the production of
pol yethers, in particular, the production of polyethers through ring-
openi ng polynerization reaction of cyclic ethers. [0191] The process for
production of a polyether by using the solid acid catalyst according to
the present invention as a polynerization catalyst will be described
bel ow. [0192] In the case where poryééhérs are produced by ring- opening
pol yneri zation reaction of cyclic ethers, exanples of cyclic ethers to be
used as the raw materials for the - 86 reaction include cyclic ethers in
whi ch t heyrgimper of carbon constituting the ring is 3 to 10. Furthernore,
cyclic ethers including alkyl groups, halogen groups, acyl groups, and
the |ike as gubsiddeseairy ,Cahaalree e iirptat3lsaits iicalklashed atirtahydr of ur an,
oxet ane, oxepane, 1, 4-dioxane, 2- nethyltetrahydrofuran,
3- net hy lveatemhyah of ikain, nearayidmasd i dkeluaien ysed. adiyy ame=ais honobgeneous
pol ymeri zation by using nerely one type of cyclic ether and
copol ynmeralzdtiam, Bn usiganiat dadasinit woor yipes bikeyand cistdeiad can be
conduct ed.

Thereafter, firing is conducted in an atmosphere of an inert

gas, e.g., nitrogen or argon, or an atmosphere of an

oxidizing gas, e.g., air or a diluted oxygen gas, so that a

solid acid catalyst having a desired performance can be

obtained. The heating and firing temperature at this time

is usually 100°C to 1,200°C, preferably 300°C to 1,100°C,

and further preferably 500°C to 1,000°C. The catalyst

activity and the stability of the resulting solid acid

catalyst can be improved by conducting the above-described

"heating and firing.

[0188]

(8) Solid acid catalyst

The crystallite size of the metal oxides and/or the

metal hydroxide supported by the solid acid catalyst

obtained by the above-described steps is different depending

on the type of the metal element, the amount of support, the

type of the carrier, the firing condition, and the like.

However, in the case where the same metal salt is used and

preparation is conducted with the same amount of support,

the same carrier, and the same firing condition, the

crystallite size becomes 90% or less of the crystallite size



[0193] Preferably, the ring-opening polynerization reaction of the cyclic
ether is conducted in the presence of a carboxylic anhydride and/or a
carboxylic acid fromthe viewpoint of the nolecular weight control. In
general, aliphatic or aromatic carboxylic anhydrides and/or carboxylic
acids having 2 to 12 carbon atons are used, and preferably those having 2
to 8 carbon atons are used. These carboxylic anhydrides and/ or carboxylic
acids may be used alone or at |least two types nay be used in conbination.
it is favorable that the carboxylie &8Bhydride and/or the carboxylic acid
is added usually at within the range of 0.01 to 1.0 (nole ratio) relative
to the cyclic ether. [0194] |In the polynerization reaction, a sol vent
inactive, to, the req&%ion can al so. be

| t t 87
type. of i BHbr e Ry BearBore At et £ roarSBs BB o e et R Fract i ve
to th i.ng- i | i i $i ' | t. [0195
. gener FGRGER B PO TSR 858 8, L8es (SRRaTRutEReE? TR Lo

d, t 44 VSt i t ed.
SR T e R e R A v T R T e
and the £ Doy hor ANDYAh doe 28/ Qkp Lo s@EBRXIE GedRl d are charged - and

pol ynerize aglitation (batch systeﬁ% and a neth
[0189] '

In the solid acid catalyst obtained by the method
according to the third aspect, preferably, the amount of the
supported metal hydroxide and/or metal oxide relative to the
carrier is 0.05 to 40 percent by weight and, in particular,
0.1 to 30 percent by weight.

[0190]
[Process for production of polyether]

The solid acid catalyst produced by the process
according to the third aspect is favorably used as a
polymerization catalyst in the production of polyethers, in
particular, the production of polyethers through ring-
opening polymerization reaction of cyclic ethers.

[0191]

The process for production of a polyether by using the
solid acid catalyst according to the present invention as a
polymerization catalyst will be described below.

[0192]

In the case where polyethers are produced by ring-

opening polymerization reaction of cyclic ethers, examples

of cyclic ethers to be used as the raw materials for the



in which the cyclic ether and the carboxylic anhydride and/or the
carboxylic acid are continuously supplied to a reactor including the
catalyst and a reaction liquid is continuously taken out (continuous
systen). The continuous systemis preferable fromthe viewpoint of the
productivity. [0196] The usage of the solid acid catalyst is determ ned on

the basis of the type thereof, and is not specifically I|imted. For
exanple, in the batch type reactor, if the anount of catalyst is too
smal |, the polynerization rate is reduced. Conversely, if the anobunt is

too large, renoval of a polynerizati 88 meat becones difficult.
Furthernore, since the slurry concentration of the reaction system
i ncreases, agitation beconmes difficult, and a problemtends to occur in

separ at i xishdf i s el el @dey dy ek tdieh& £ACLh Ofhl kB Ut Be ahifBet Ner 88ar58HP! et i on
of the polynerization reaction. Therefore, the usage of the catalyst is

usual | y asiseiett ind hihe thing aiges ©8 00 00Furanidress yeiadwei ght basis
relative to the |I|iquid phase, preferably the range of 0.01 to 20 tines on
a wei glatimass sinalwhbinsy dellatl anraipd hehdbagén ofrdwben beiyy dheupdat ch
reaction or the flow reaction. For the flow reaction, the usage of the

cat al ystanckftehe 1Dke has aspbatibfiebhe ceat allgst beehetdadie Speche imaldint, of
supply of the liquid phase per unit tinme. [0197] The reaction tenperature
i s usualigtbndr00@n amketane, oxepane, 1,4-dioxane, 2-

methyltetrahydrofuran, 3-methyltetrahydrofuran, and the like
are used. Any one of homogeneous polymerization by using
merely one type of cyclic ether and copolymerization by
using at least two types of cyclic ethers can be conducted.
[0193]

Preferably, the ring-opening polymerization reaction of
the cyclic ether is conducted in the presence of a
carboxylic anhydride and/or a carboxylic acid from the
viewpoint of the molecular weight control. In general,
aliphatic or aromatic carboxylic anhydrides and/or
carboxylic acids having 2 to 12 carbon atoms are used, and
preferably those having 2 to 8 carbon atoms are used. These
cafboxylic anhydrides and/or carboxylic acids may be used
alone or at least two types may be used in combination. it
is favorable that the carboxylic anhydride and/or the
carboxylic acid is added usually at within the range of 0.01
to 1.0 (mole ratio) relative to the cyclic ether.
[0194]

In the polymerization reaction, a solvent inactive to

the reaction can also be used. 1In general, at least one



preferably 10C to 80C. The reaction pressure may be any pressure. insofar
as the reaction systemis allowed to maintain a |iquid phase at that
pressure. Usually, the pressure is selected within the range of nornal
pressure to 10 MPa, and preferably normal pressure to 5 MPa. The reaction
time is not specifically limted. However, in consideration of both the
reaction tinme and the anmount of catalyst and in consideration of the yield
and the economc efficiency, preferably, the reaction tine is within the
range of 0.1 to 20 hours, and preferaBlFy-within the range of 0.5 to 15
hours. In the batch system the reaction time refers to a period fromthe
point in tine when the tenperature is raised to the reaction tenperature

until the g%e 0“' Jwe e feoﬂl*@soeérﬁ&@rtgﬁd ife the
sys I"on

conti nuo rea |ne ?e ers esidence "tine o

react | on, GOIPASIAL AR LI UL |0 e aREL 8T po1 FOLOBL oA ecgaee Fophse a

ri ng- operi'hg pol yieri zati on Téa ydr uran i s conduct ed

by usin gt al yst produced accordlng to the third aspect,
a polye?ﬁkn?ﬁggﬂﬁggEﬁﬁhﬁ%er aver age nol ecul ar wei ght (M1) of 200 to 80, 000

and, ||1ﬂ5¥ fular a lowto mddle nolecular weight of about 200 to
40, 000 can be obtained. Furthernore, it is one of the features that a

pol yet her haw @@ iaankoWdopler Wedic i todh Ste i bt iovaaebewasi |y

produced. That
or a tower type, is used, and any one of a batch system and
a continuous system is adopted. Examples thereof include a
method in which the cyclic ether, the catalyst, and the
carboxylic anhydride and/or the carboxylic acid are charged
and polymerized with agitation (batch system) and a method
in which the cyclic ether and the carboxylic anhydride
and/or the carboxylic acid are continuously supplied to a
reactor including the catalyst and a reaction liquid is
continuously taken out (continuous system). The continuous
system is preferable from the viewpoint of the productivity.
[0196]

The usage of the solid acid catalyst is determined on
the basis of the type thereof, and is not specifically
limited. For example, in the batch type reactor, if the
amount of catalyst is too small, the polymerization rate is
reduced. Conversely, if the amount is too large, removal of
a polymerization heat becomes difficult. Furthermore, since
the slurry concentration of the reaction system increases,

agitation becomes difficult, and a problem tends to occur in

separation of the catalyst and the reaction liquid after the



is, there is a great demand for a polyether exhibiting MVWM1 of 1.3 to 2.5
industrially. Polytetranethylene ether glycol (PTM3 exhibiting Mwv Mh of
| ess than 3, for exanple, 1.1 to 3.0, can be obtained by using the solid
acid catalyst according to the present invention. In particular, when a
preferable condition of the present invention is selected, a polyether
havi ng a very narrow nol ecul ar weight distribution Mwv M of about 1.5 to
1.8 can al so be obtained. Moreover, the yield of the product is allowed to
beconme 25% or nore, preferably 30@60 nore, and furthernore 35% or nore.
[ Exanpl es and conparati ve exanpl es] [8?9@] The third aspect will be
further specifically described - 90 below wth reference to exanples and
conparati ve exanples. However the follow ng exanples do not limt the
scope ofcamplepiasent thwagmlyrerif200¢n readtheod ol ITherefaescrihet i on, the
yield, the nunber average nol ecul ar weight (M), and the nol ecul ar wei ght
di stri butdage (Mv N adtaplyt eis ansedllensekedieed ghj/chin thetianasi d ester
(PTME) were determned with GPC (gel perneation ¢chronatography) described
bel ow. GHC Gtk dius? 0 GROB2 20N pr odeibglelc by STos ore ok poe at® obhe Col um:
TSK-GEL H 30, cmx 2 units Detection nethod:” Rl Columm tenperature: 40C

liquid phase, preferably the range of 0.01 to 20 times on a

weight basis in consideration of the reaction form being the

batch reaction or the flow reaction. For the flow reaction,

the usage of the catalyst refers to the amount of the

catalyst relative to the amount of supply of the liquid

phase per unit time.

[0197]

The reaction temperature is usually 0°C to 200°C, and
preferably 10°C to 80°C.
The reaction pressure may be any pressure insofar as

the reaction system is allowed to maintain a liquid phase at

that pressure. Usually, the pressure is selected within the

range of normal pressure to 10 MPa, and preferably normal

pressure to 5 MPa.

The reaction time is not specifically limited. However,
in consideration of both the reaction time and the amount of
catalyst and in consideration of the yield and the economic
efficiency, preferably, the reaction time is within the
range of 0.1 to 20 hours, and preferably within the range of
0.5 to 15 hours. In the batch system, the reaction time
refers to a period from the point in time when the

temperature is raised to the reaction temperature until the



Moving bed: THE Flow rate: 1 ml/mn Amount of injection of sanple: 500
Sanpl e concentration: adjusted in such a way that the concentration of a
pol yet her becones about 0.1 percent by weight [0201] Exanple 2-1

<Preparation of solid acid catalyst> [Inpregnation of inpregnation
solution] After 89.66 g of zirconium oxynitrate aqueous solution (produced
by Shin N ppon Metal & Chemcal Co., Ltd., - 91 concentration 18.12

percent by weight in terms of Zr02) was blended with 18.72 g of desalted
wat er, m xi ng was conducted honogere8@sky. The resulting m xture was

bl ended with 11.84 g of urea and m xi ng was conduct ed honogeneously so as
to prepare an inpregnation solution. The resulting solution was bl ended

ui th 80 g of 802 {pfoduied, Yo Fulhe Sbosl Ay, CICBLERL ekt d-gp GARLACT s

particl aver age par I anet er t.m pore

vol ume 1, 16%%4&5 ﬁ&ﬂe i%i?%ergé@gfcgﬁr’%ﬁenflfef‘é‘dté”@?@é‘%éﬁ@e""as

conduct ed’ Yy pore- e anount I npregnation solution was 100%

gLOLPelqﬂ%ﬂ fggol%é/%ﬁggt o %%Jr_rgil_qcﬁ;nﬂl&ﬁfdci?ﬂdﬂﬁéegea@foﬁhaki ng for
[0198]

In the case where a ring-opening polymerization
reaction of tetrahydrofuran (THF) is conducted by using the
solid acid catalyst produced according to the third aspect,
a polyether having a number average molecular weight (Mn) of
200 to 80,000 and, in particular, a low to middle molecular
weight of about 200 to 40,000 can be obtained. Furthermore,
it is one of the features that a polyether having a narrow
molecular weight distribution can be easily produced. That
is, there is a great demand for a polyether exhibiting Mw/Mn
of 1.3 to 2.5 industrially. Polytetramethylene ether glycol
(PTMG) exhibiting Mw/Mn of less than 3, for example, 1.1 to
3.0, can be obtained by using the solid acid catalyst
according to the present invention. In particular, when a
preferable condition of the present invention is selected, a
polyether having a very narrow molecular weight distribution
Mw/Mn of about 1.5 teo 1.8 can also be obtained. Moreover,
the vield of the product is allowed to become 25% or more,
preferably 30% or more, and furthermore 35% or more.
[Examples and comparative examples]

[0199]

The third aspect will be further specifically described



The carrier inpregnated with the above-described inpregnation solution was
put into a 500-m pear-shaped flask, a joint and a curved tube filled with
gl ass wool were connected to the upper portion of the flask, and a

t hernoneter was connected to a neasurenment portion. Thereafter, the flask
was fixed with a clanp to a rotating shaft of a rotary drier. The rotating
shaft was rotated at a speed of 10 rpm the tenperature of the drier was
set at 105C, and heating was conducted for 6 hours. At this tinme, it was
ascertai ned by the wei ght change that Q0% of water in the inpregnation

sol ution remained. After the curved tGbe - 92 filled with gl ass wool at

t he upper portion was renoved, the tenperature of the drier was set at
120C, and heating was conducted for 16 hours. [0203] After the joint at

t he uppérelmor twidrh weesf ermmoeed;o tdrampbapermd wenpdrd thevelréempibss set  at
140C, and heating was conducted for 4 hours so as to renove the water

al nost Hoorgyest dihe fHHd dveiatg rexampll estda iroot Weinsl it erhre nsxtaek aff ethe a | apse
of 4 hours, and the catal yst was taken out. [0204] The catal yst was

t ransf epr@gent d@Emtiprheaker and stood for cooling to roomtenperature
After about 300 ml of desalted water was added, suspension washi ng was
conduct d@20&8]1 about 10 minutes. The catalyst was filtrated and was

transferred to the 500-ml beaker again. The )
In the following description, the yield, the number

average molecular weight (Mn), and the molecular weight
distribution {Mw/Mn) of polytetramethylene ether glycol
acetic acid ester (PTME) were determined with GPC (gel
permeation chromatography) described below.

GPC apparatus: GPC 8220 produced by Tosoh Corporation

Column: TSK-GEL H 30 cm x 2 units

Detection method: RI

Column temperature: 40°C

Moving bed: THF

Flow rate: 1 ml/min

Amount of injection of sample: 500 pl

Sample concentration: adjusted in such a way that the
concentration of a polyether becomes about 0.1 percent by
weight
[0201]

Example 2-1
<Preparation of solid acid catalyst>
[Impregnation of impregnation solution]

After 89.66 g of zirconium oxynitrate aqueous solution

- (produced by Shin Nippon Metal & Chemical Co., Ltd.,



suspensi on washi ng was conducted three tines in total. The catalyst was
air-dried and dried with a drier at 120C for a night. Subsequently, firing
was conducted at 900C for 2 hours while the air was passed so as to obtain
a solid acid catalyst. The average crystallite diameter of zirconium

oxi de supported by the solid acid catalyst was determ ned on the basis of
an XRD neasurenent and was 22 A The anobunt of supported zirconi um oxide
determ ned by cal culation on the basis of the inpregnation solution
conposition was 16.9 percent by weigbtl relative to the entire anount of
the - 93 - catalyst. [0205] <Production of polyether> In a nitrogen

at nosphere, 133.5 g of THE and 6.85 g of acetic anhydride were put in a

500- L four-neck f[ask ixed with agitation, | '
2t mosphereican ger R 1 E0f PRk aME ok Yt BB khnchotA Phe?aleloTEecr | bed

B R e el TR o
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prepare an impregnation solution. The resulting solution

was blended with 80 g of SiO» (produced by Fuji Silysia

Chemical Ltd., CARiACT Q15, particle diameter 75 to 500 pm,

average particle diameter 200 pm, pore volume 1.16 ml/g,

average pore diameter 15 nm), and impregnation was conducted

by pore-filling (the amount of impregnation solution was

100% of the carrier pore volume) while mixing was conducted

by shaking for about 1 hour.

[0202]

[Heat treatment]

The carrier impregnated with the above-described

impregnation solution was put into a 500-ml pear-shaped

flask, a joint and a curved tube filled with glass wool were

connected to the upper portion of the flask, and a

thermometer was connected to a measurement portion.

Thereafter, the flask was fixed with a clamp to a rotating

shaft of a rotary drier. The rotating shaft was rotated at

a speed of 10 rpm, the temperature of the drier was set at

105°C, and heating was conducted for 6 hours. At this time,

it was ascertained by the weight change that 90% of water in

the impregnation solution remained. After the curved tube



Exanple 2-2 A catal yst was prepared as in Exanple 2-1 except that an

i npregnation solution was prepared by dissolving 42.46 g of zirconium
‘oxychl ori de octahydrate into 59.48 g of desalted water, adding 11.84 g of
urea thereto, and m xing honogeneously. A polyether was produced by using
the resulting catalyst. The average crystallite dianeter of zirconium
oxi de determ ned on the basis of the XRD mneasurenent was | ess than or
equal to the lower limt (10 A) 94 of the detection, and the anount of
supported zirconium oxide was 16.9 percent by weight relative to the
entire anmount of the catal yst. The“dgarée of conversion was 55.1% M was
2,520, and MV WMh was 1.87. [0207] Exanple 2-3 A catalyst was prepared as
in Exanple 2-1 except that an inpregnation solution was prepared by

di ssol Vi ¥y Wiith Hadd el Uk Sthé alsp & UseHsicn wis ofe@vedjicege by Shin
Ni ppon Metal & Chemcal Co., Ltd., concentration 15.1 percent by weight in
terns oftefigiatinted &6.Ge Hvieassd tosh avt EZ0°@ddang RSatBng wds urea
thereto, and m xi ng honobgeneously. A polyether was produced by using the
resul ti ngprohictiebtforTies awarnage crystallite diameter of zirconi um oxi de
determ ned on the basis of the XRD neasurenent was 22 A, and the anount of
support 213 roni um oxide was 16.9 percent by weight relative to the
entire After the joint at the upper portion was removed, the

temperature of the drier was set at 140°C, and heating was

conducted for 4 hours so as to remove the water almost

completely. The heating and rotation were terminated after

a lapse of 4 hours, and the catalyst was taken out.

[0204]

The catalyst was transferred to a 500-ml beaker and

stood for cooling to room temperature. After about 300 ml

of desalted water was added, suspensicn washing was

conducted for about 10 minutes. The catalyst was filtrated

and was transferred to the 500-ml beaker again. The

suspension washing was conducted three times in total. The

catalyst was air-dried and dried with a drier at 120°C for a

night. Subsequently, firing was conducted at 900°C for 2

hours while the air was passed so as to obtain a solid acid

catalyst. The average crystallite diameter of zirconium

oxide supported by the solid acid catalyst was determined on

the basis of an XRD measurement and was 22 A. The amount of

supported zirconium oxide determined by calculation on the

basis of the impregnation solution composition was 16.9

percent by weight relative to the entire amount of the



anount of the catalyst. The degree of conversion was 51.2% M was 2, 252,
and MV vh was 1.87. [0208] Exanple 2-4 After 86.80 g of zirconium
oxynitrate aqueous solution (produced by Shin N ppon Metal & Chemical Co.,
Ltd., ~concentration 18.72 percent by weight in terns of Zr02) was bl ended
with 17.84 g of desalted water, m xing was conducted 95 honogeneously. The
resulting mxture was blended with 10.84 g of anmoni um bi car bonate
gradual Iy, m xi ng was conducted honogeneously, 7.92 g of urea was added
thereto, and m xing was conducted hopBgeneously so as to prepare an

i npregnation solution. The resulting solution was bl ended with 80 g of

Si 02 (produced by Fuji Silysia Chemcal Ltd., CAR ACT Ql5), and

i npregnati.o s conducted by pore-filling (the anobunt of inpregnation
squtich%ﬁéﬁ%%%ﬂ@of the carrier pore volune) while m xing was conduct ed

by shakiggyhgj about 1 hour. [0209] This was put into a 500-n
pear - sha ask, and a solid acid catal yst was obtained by conducting a

series of i i firing treatnents as in Exanple 2-1
SR A AU

except t?%ﬁ er tenperature of 105C was changed from 6

Dot e AT YRR oty gl reonywn o0 e

supporteghetic anhydride were put in a 500-ml four-neck flask and
were mixed with agitation. In a nitrogen atmosphere, 4.68 ¢
of solid acid catalyst obtained in the above-described
preparation of solid acid catalyst was weighed and added to
the resulting mixed solution with agitation. Thereafter, a
reaction was conducted at 40°C for 5 hours. The reaction
liquid was analyzed with GPC so as to measure the degree of
conversion of THF, the number average molecular weight (Mn)
of PTME, and the molecular weight distribution (Mw/Mn). As
a result, the degree of conversion was 56.3%, Mn was 2,563,
and Mw/Mn was 1.88.
[0206]

Example 2-2
A catalyst was prepared as in Example 2-1 except that

an impregnation solution was prepared by dissolving 42.46 g
of zirconium oxychloride octahydrate into 59.48 g of
desalted water, adding 11.84 g of urea thereto, and mixing
homogeneously. A polyether was produced by using the
resulting catalyst. The average crystallite diameter of
zirconium oxide determined on the basis of the XRD

measurement was less than or equal to the lower limit (10 &)



zi rconi um oxi de was 16.9 percent by weight relative to the -entire anount
of the catalyst. [0210] A polyether was produced as in Exanple 2-1 except
that the resulting catalyst was used. The degree of conversion was 55.4%
M was 2,626, and MV Mh was 1.87. [0211] - 96 - Conparative exanple 2-1
After 89.66 g of zirconiumoxynitrate aqueous solution (produced by Shin
Ni ppon Metal & Chemi cal Co., Ltd., <concentration 18.12 percent by wei ght
internms of Zr02) was blended with 18.72 g of desalted water, m xing was
conducted honogeneously. The resultL& m xture was blended with 11.84 ¢
of urea, and m xi ng was conducted ho geﬁéously SO as to prepare an
i pregnation solution. The resulting solution was blended with 80 g of
Si 02 (produced by Fuji Silysia Chemcal Ltd., CAR ACT Ql5), and
i mpr egnad £ oth@edetontich pdandythpor smduhti 6§ suppoatedntistohfiamegnati on
solution was 100% of the carrier pore volune) while m xing was conduct ed
by shakiowjiderwadolé.qd percenfThby wmeabgbtubietbedveotdryhagentira reduced
pressure and, thereby, 97%or nore of the water ,in the inpregnation
sol ut i oramvasnt exbviele spaasl Yot obtThien degraepof tcaararseron washish 1 dri ed
nmetal salt and precipitant precursor in a solid phase state were
suppor t el Y@ 12]520hj andvdéw i was ol a8B00- ml pear - shaped fl ask, and a
[0207]
Example 2-3
A catalyst was prepared as in Example 2-1 except that
an impregnation solution was prepared by dissolving 46.95 g
of zirconium sulfate aqueous solution {produced by Shin
Nippon Metal & Chemical Co., Ltd., concentration 15.1
percent by weight in terms of 2Zr0O;) into 56.95 g of desalted
water, adding 23.78 g of urea thereto, and mixing
homogeneously. A polyether was produced by using the
resulting catalyst. The average crystallite diameter of
zirconium oxide determined on the basis of the XRD
measurement was 22 A, and the amount of supported zirconium
oxide was 16.9 percent by weight relative to the entire
amount of the catalyst. The degree of conversion was 51.2%,
Mn was 2,252, and Mw/Mn was 1.87.
[0208]
Exémple 2-4
After 86.80 g of zirconium oxynitrate aqueous solution
(produced by Shin Nippon Metal & Chemical Co., Ltd.,
concentration 18.72 percent by weight in terms of 2r0;) was

blended with 17.84 g of desalted water, mixing was conducted



solid acid catal yst was obtained by conducting a series of heating,
washing, and firing treatnents as in Exanple 2-1. The average crystallite
di ameter of zirconium oxide determ ned on the basis of the XRD neasurenent
was 47 A, and the anmobunt of supported zirconi um oxide was 16.9 percent by
wei ght relative to the entire anount of the catalyst. 97 - [0213] A

pol yet her was produced as in Exanple 2-1 except that the resulting

catal yst was used. The degree of conversion was 29.8% M was 3,019, and
MV Mn was 2.01. [0214] Conparative-esanple 2-2 After 89.66 g of zirconium
oxynitrate aqueous solution (produced by Shin N ppon Metal & Chem cal Co.,
Ltd. concentration 18.12 percent by weight in terns of Zr02) was bl ended

th 27..72 f d d d la,. Th
wen R temh%%&%%gg%%%safe°&a%§tb‘élgflg%‘é’é‘év%%%§qéﬁ-ja.y4 Silysia
Chem cal Lt CARi ﬁﬂ
po(ratran- ??Ii .C}é d(“flv\h'f“f’élll Cf(gllg%drf% | on Oﬁﬁ%l Ongﬁ%&‘i%%fﬂu?ﬁ'?%e carrier
b j t
F8r2i5] V%ﬂlfﬁ‘n?e eolus to awgocbig pear sh%p(g ﬁ’g%&é‘?% a%?&lntmﬂgn%@grcur ved
tube Tiligd ﬁi&hc@é&%&%eﬂ@é&ﬁ?%%&dté Oprélb&r@p@@rlméw@t%nt he

fl ask, ernonet e
solution. The resulting solution was blended with 80 g of

Si0s (produced by Fuji Silysia Chemical Ltd., CARIiACT Q15),
and impregnation was conducted by pore~filling (the amount
of impregnation solution was 100% of the carrier pore
volume) while mixing was conducted by shaking for about 1
hour.

[0209]

This was put into a 500-ml pear-shaped flask, and a
solid acid catalyst was obtained by conducting a series of
heating, washing, and firing treatments as in Example 2-1
except that the heating at a drier temperature of 105°C‘was
changed from 6 hours to 1.5 hours. The average crystallite
diameter of zirconium oxide determined on the basis of the
XRD measurement was 22 A, and the amount of supported
zirconium oxide was 16.9 percent by weight relative to the
entire amount of the catalyst.

[0210]

A polyether was produced as in Example 2-1 except that

the resulting catalyst was used. The degree of conversion

was 55.4%, Mn was 2,626, and Mw/Mn was 1.87.

[0211]



connected to a neasurenent portion. Thereafter, the flask was fixed with a
clanp to a rotating shaft of a rotary drier. The rotating shaft was
rotated at a speed of 10 rpm the tenperature of the drier was set at
105C, and heating was conducted for 6 hours. After the curved tube filled
with - 98 glass wool at the upper portion was renoved, the tenperature of
the drier was set at 120C, and heating was conducted for 16 hours. [0216]
After the joint at the upper portion was renoved, the tenperature of the
drier was set at 140C, and heating wag conducted for 4 hours. The heating
and rotation were termnated after"a Faﬁse of 4 hours, and the catalyst
was taken out. [0217] The catalyst was transferred to a 500-m beaker and
stood for cooling to roomtenperature. A solution, in which 35 g of
ammoni um bi cardmpeatas iwes eiamgalevert-I nto 350 m of desalted water, was
added, and agitation was conducted for about 10 m nutes. The catal yst was
filtrated, alditter3@® .66 gofoidesiatdoed unatoety nists-setokdl edpidmaretan 1 winicbn
suspensi on washing was conducted for about 10 minutes. The catal yst was
filtraterothcedisy hin Nippdre M90a & Ehxdricaalo. , Thied. suspensi on
washi ng was conducted three times in total. The catalyst was air-dried and
dri ed wiadneenkiaricn 10 frercentikhtwe Bkl etuehernys ¢f rZylp Wwasaonduct ed
at 900C for 2

blended with 18.72 g of desalted water, mixing was conducted

homogeneously. The resulting mixture was blended with 11.84

g of urea, and mixing was conducted homogeneously so as to

prepare an impregnation solution. The resulting solution

was blended with 80 g of SiO; (produced by Fuji Silysia

Chemical Ltd., CARiACT Q15), and impregnation was conducted

by pore-filling (the amount of impregnation solution was

100% of the carrier pore volume) while mixing was conducted

by shaking for about 1 hour. This was subjected to drying

at a reduced pressure and, thereby, 97% or more of the water

'in the impregnation solution was removed so as to obtain a

support carrier in which a dried metal salt and precipitant

precursor in a solid phase state were supported.

[0212]

This was put into a 500-ml pear-shaped flask, and a

solid acid catalyst was obtained by conducting a series of

heating, washing, and firing treatments as in Example 2-1.

The average crystallite diameter of zirconium oxide

determined on the basis of the XRD measurement was 47 A, and

the amount of supported zirconium oxide was 16.9 percent by

weight relative to the entire amount of the catalyst.



hours while the air was passed so as to obtain a solid acid catalyst. The
average crystallite dianeter of zirconium oxide determ ned on the basis of
an XRD neasurenent was 30 A. The anount of supported zirconium oxi de was
16.9 percent by 99 weight relative to the entire anount of the catalyst.
[0218] A polyether was produced as in Exanple 2-1 except that the
resulting catal yst was used. The degree of conversion was 45.7% M was
2,947, and MV WMh was 2.03. [0219] Exanple 2-5 After 89.66 g of zirconium
oxynitrate aqueous solution (produeel7by Shin N ppon Metal & Chem cal Co.,
Ltd., concentration 18.12 percent by weight in terns of Zr02) was bl ended
with 20.65 g of desalted water, mxing was conducted honpbgeneously. The
resultl Lure was bl ended with 6.74 g of amoni um carbonate gradual |y
and m xi dﬂba conducted honogeneously. After 11.84 g of urea was added

| ot cgnat i on e INEARELT e BEARRIERAEREP U MRS SR A o

Si 02 (pﬁﬁg% %?%#%ﬂncéﬁé Eiégﬁ”ﬁééﬁ Lttghe dé&%@é“gk(gghvéﬁgﬂdd?le

dianeter average partlcle dianeter 200 m pore volune 1.21
m/g, A0y . 905 i HPtLro B3P, Mda @A Pa€IPagi on was conducted by
por e- f|| ing (the amount of |npregnat|on solution was 100% of the carrier

por e voI§U§$4yWNI e m xi ng was conducted by

Comparative example 2-2

After 89.66 g of zirconium oxynitrate aqueous solution
(produced by Shin Nippon Metal & Chemical Co., Ltd.,
concentration 18.12 percent by weight in terms of Zr0;) was
blended with 27.72 g of desalted water, mixing was conducted
homogeneously. The resulting solution was blended with 80 g
of $i02 (produced by Fuji Silysia Chemical Ltd., CARIACT
Q15), and impregnation was conducted by pore-filling (the .
amount of impregnation solution was 100% of the carrier pore
volume) while mixing was conducted by shaking for about 1
hour.

[0215]

This was put into a 500-ml pear-shaped flask, a joint
and a curved tube filled with glass wool were connected to
the upper portion of the flask, and a thermometer was
connected to a measurement portion. Thereafter, the flask
was fixed with a clamp to a rotating shaft of a rotary drier.
The rotating shaft was rotated at a speed of 10 rpm, the
temperature of the drier was set at 105°C, and heating was

conducted for 6 hours. After the curved tube filled with



shaki ng for about 1 hour. [0220] This was put into a 500-m pear-shaped
flask, and a - 100 solid acid catal yst was obtai ned by conducting a series
of heating, washing, and firing treatnents as in Exanple 2-2. The average
crystallite dianmeter of zirconium oxide determ ned on the basis of the XRD
measurenent was 28 A, and the anount of supported zirconium oxi de was 16.9
percent by weight relative to the entire anount of the catalyst. [0221] A
pol yet her was produced as in Exanple 2-1 except that the resulting
catal yst was used. The degree of convgrsion was 52.7% WM was 2,875, and
MV WMn was 1.85. [0222] Exanple 2-67A fer 88.01 g of zirconiumoxynitrate
aqueous solution (produced by Shin N ppon Metal & Chem cal Co., Ltd.,
concentration 18.46 percent by weight in ternms of Zr02) was blended with
26. 83 g gifaslesadd Bdavaties , uppt Ngoinason onds ctedovédpogkracbaspyrattee
resulting mxture was blended with 11.84 g of urea and m xi ng was
conduct esf hictoe gnber shas soetasat ol 2 pfepaard ahea tipnggnas | oondud tied ofior The
resulting solution was blended with 80 g of Si02 (produced by Fuji Silysia
Chem calld thbyrs€CAR ACT (B0), and inpregnation was conducted by
pore-filling (the anmount of inpregnation solution was 100% of the carrier
pore vol[ure)6 Whil e m xi ng was conduct ed
After the joint at the upper portion was removed, the

temperature of the drier was set at 140°C, and heating was

conducted for 4 hours. The heating and rotation were

terminated after a lapse of 4 hours, and the catalyst was

taken out.

[0217]

The catalyst was transferred to a 500-ml beaker and

stood for cooling to room temperature. A solution, in which

35 g of ammonium bicarbonate was dissolved into 350 ml of

desalted water, was added, and agitation was conducted for

about 10 minutes. The catalyst was filtrated, about 300 ml

of desalted water was added thereto, and suspension washing

was conducted for about 10 minutes. The catalyst was

filtrated and transferred to the 500-ml beaker again. The

suspension washing was conducted three times in total. The

catalyst was air-dried and dried with a drier at 120°C for a

night. Subsequently, firing was conducted at 900°C for 2

hours while the air was passed so as to obtain a solid acid

catalyst. The average crystallite diameter of zirconium

oxide determined on the basis of an XRD measurement was 30 A.

The amount of supported zirconium oxide was 16.9 percent by



by shaking for about 1 hour. [0223] - 101 This was put into a 500-nl

pear -shaped flask, and a solid acid catalyst was obtained by conducting a
series of heating, washing, and firing treatnents as in Exanple 2-1

except that the heating at a drier tenperature of 105C was changed from6
hours to 2 hours. The average crystallite dianmeter of zirconium oxide
determ ned on the basis of the XRD neasurenent was 28 A, and the anount of
supported zirconium oxide was 16.9 percent by weight relative to the
entire anount of the catalyst. [0224] 99A_pol yet her was produced as in
Exanple 2-1 except that the resulting catal yst was used. The degree of
conversion was 41.9% WM was 2,436, and Mv Wh was 1.73. [0225]

Conparative exanpl e 2-3 After 89.66 of ziJcopi oxynitrate aqueous

S0l Ut | orS [ bAHRLEE by S rihe pshNe aPoRnbnghi HAr CHLalYeh:
concentration 18.12 percent by weight in ternms of Zr02) was blended with
22.72 ¢ 32 ekal t ed wat er, m xi ng was conducted honogeneously. The

resulting m ﬁ&@%‘&%&% E%dsgdsprt"ggur};el pagsa, if E(.)J-[a fé”"zuafg%;gé%{'gt%

conducted ho pr re an’i egnat’ ution. The
resul ti sol ut.ipn, . wa , t ' rodyced, ji Silys
Chem calqg'f_? drélé%ﬁﬂrﬁ%'ﬁ%ﬁgggwdg\% nlg?%ghgt%en%v%%é;n ucted s i Y

was 45.7%, Mn was 2,947, and Mw/Mn was 2.03.

Q

[0219]

Example 2-5

After 89.66 g of zirconium oxynitrate aqueous solution
(produced by shin Nippon Metal & Chemical Co., Ltd.,
concentration 18.12 percent by weight in terms of Zr0j;) was
blended with 20.65 g of desalted water, mixing was conducted
homogenecusly. The resulting mixture was blended with 6.74
g of ammonium carbonate gradually and mixing was conducted
homogeneously. After 11.84 g of urea was added thereto,
mixing was conducted homogeneously so as to prepare an
impregnation solution. The resulting solution was blended
with 80 g of S8i0O; (produced by Fuji Silysia Chemical Ltd.,
CARIACT 030, particle diameter 75 to 500 um, average
particle diameter 200 pm, pore volume 1.21 ml/g, average
pore diameter 30 nm), and impregnation was conducted by
pore—fillihg (the amount of impregnation solution was 100%
of the carrier pore volume) while mixing was conducted by
shaking for about 1 hour.
[0220]

This was put into a 500-ml pear-shaped flask, and a



by pore-filling (the anmobunt of inpregnation solution was - 102 100960f t he
carrier pore volune) while m xi ng was conducted by shaking for about 1

hour. This was subjected to drying at a reduced pressure and,

t hereby, 97%

or nore of the water in the inpregnation solution was renoved so as to
obtain a support carrier in which a dried netal salt and precipitant

precursor in a solid phase state were supported. [0226] This

was put into

a 500-m pear-shaped flask, and a solid acid catalyst was obtained by
conducting a series of heatlng, washing, and firing treatnents as in
Exanple 2-1. The average crystallitel®ff aneter of zirconium oxide

determ ned on the basis of the XRD neasurenent was 71 A, and

t he anount of

supported zirconium oxi de was 16.9 percent by weight relative to the

entire MUY Mid heaeatpdy Shas (A2 1ined W'd@ﬁ@@éti\ﬁé Rrogducesd @ in

Exanpl e 2-1 except that ~ the resulting catal yst was used. The degree of

conver sipuht 1§, Wa%ndh aes Sidfly erehidéids \as 2n 18xahPR2

81-2.

Cowparatlve exanple 2-4 After 89. 66 g of zirconium oxynitrate aqueous

sol uti orrhd prvasticgs dyysHHI Nppdiandtat &f Gbreefdufooxidéd. ,
concentration 18.12 percent by weight in ternms of Zr02) was

31. 72 g ddtedmsialddedmaties \bas b8 rgf watse CIRIE ikt sl r droemig enneo uss
resulting solution was bl ended with 80 g

blended with
yA,1&mﬂ

the amount of supported zirconium oxide was 16.9 percent by

weight relative to the entire amount of the catalyst.

[0221]

A polyether was produced as in Example 2-1 except that

the resulting catalyst was used. The degree of conversion -

was 52.7%, Mn was 2,875, and Mw/Mn was 1.85.
[0222]

Example 2-6

After 88.01 g of zirconium oxynitrate agqueous solution

(produced by Shin Nippon Metal & Chemical Co., Ltd.,

concentration 18.46 percent by weight in terms of Zr0;) was

blended with 26.83 g of desalted water, mixing was conducted

homogeneously. The resulting mixture was blended with 11.84

g of urea and mixing was conducted homogeneously so as to

prepare an impregnation solution. The resulting solution

was blended with 80 g of Si0O; (produced by Fuji Silysia

Chemical Ltd., CARIiACT Q30), and impregnation was conducted

by pore-filling (the amount of impregnation solution was

100% of the carrier pore volume) while mixing was conducted

by shaking for about 1 hour.

[0223]



- 103 of Si02 (produced by Fuji Silysia Chemcal Ltd., CAR ACT @@0), and
i npregnati on was conducted by pore-filling (the anount of inpregnation

sol ution was 100% of the carrier pore volune) while mxing was conducted
by shaking for about 1 hour. This was put into a 500-nml pear-shaped fl ask,
and a solid acid catal yst was obtained by heating as in Conparative
exanpl e 2-2, and by conducting a treatnent with anmoni um bi car bonat e,
separation of a catalyst through filtration, washing, drying, and firing
as in Conparative exanple 2-2. The avdarage crystallite dianeter of
zirconium oxide determ ned on the basis of the XRD neasurenent was 53 A
and the anount of supported zirconium oxide was 16.9 percent by wei ght

broduced 2 IRIECHAS 895 $0c oo A RIS AT g BAral el s used.
(oa0r e R T B AR A bt T
1) T AR N O AL B Satne O | £5T LN Shtamp 23211 [TabI €
except that the heating at a drier temperature of 105°C was
changed from 6 hours to 2 hours. The average crystallite
diameter of zirconium oxide determined on the basis of the
XRD measurement was 28 A, and the amounﬁ of supported
zirconium oxide was 16.9 percent by weight relative to the
entire amount of the catalyst.
[0224]
A polyether was produced as in Example 2-1 except that
the resulting catalyst was used. The degree of conversion
was 41.9%, Mn was 2,436, and Mw/Mn was 1.73.
[0225]
Comparative example 2-3
After 89.66 g of zirconium oxynitrate aqueous solution
{produced by Shin Nippon Metal & Chemical Co., Ltd.,
concentration 18.12 percent by weight in terms of Zx03) was
blended with 22.72 g of desalted water, mixing was conducted
homogeneously. The resulting mixture was blended with 11.84
g of urea, and mixing was conducted homogeneously so as to
prepare an impregnation solution. The resulting solution
was blended with 80 g of SiO» (produced by Fuji Silysia
Chemical Ltd., CARiACT Q30), and impregnation was conducted

by pore-filling (the amount of impregnation solution was



Type of Crystallite size Degree of carrier (A) conversion Mh Mv M

Exanpl e2-1 QL5 22 56.3 2563 1.88 Exanple2-2 QL5 lower limt 55.1 2520 1.87
(10) or less Exanple2-3 QL5 22 51.2 2252 1.87 Exanple2-4 QL5 22 55.4 2626
1.87 Conparative QL5 47 29.8 3019 2.01 exanple2-1 Conparative QL5 30 45.7
2947 2.03 exanpl e2-2 Exanpl e2-5 B0 28 52.7 2875 1.85 Exanple2-6 B0 28
41.9 2436 1.73 Conparative B0 71 13.0 3167 2.13 exanple2-3 Conparative
B0 53 35.9 3943 1.97 exanple2-4 [0232] The following is clear from Tabl e
2-1. [0233] As is clear from conparisons between Exanples 2-1 to 2- 3 and
Conpar ative exanple 2-1, the perforﬁﬁHE% of the catalyst obtained not by

t he honbgeneous precipitation. nmethod in carrier pores, but by drying the

i npregnated carrier so as to allow the netal salt and the precipitant

precursorod® éhechapfLanoat perdeedEnd N whelsohidi 84 alves adénducted
by shaking for about 1 hour. This was subjected toc drying
at a reduced pressure and, thereby, 97% or more of the water
in the impregnation solution was removed so as to obtain a
support carrier in which a dried metal salt and precipitant
precursor in a solid phase state were supported.
[0226]

This was put into a 500-ml pear-shaped flask, and a

solid acid catalyst was obtained by éonducting a series of
.heating, washing, and firing treatments as in Example 2-1.
The average crystallite diameter of zirconium oxide
determined on the basis of the XRD measurement was 71 ﬁ, and
the amount of supported zirconium oxide was 16.9 percent by
weight relative to the entire amount of the catalyst.

[0227]

A polyether was produced as in Example 2-1 except that
the resulting catalyst was used. The degree of conversion
was 13.0%, Mn was 3,167, and Mw/Mn was 2.13.

[0228]

Comparative example 2-4

After 89.66 g of zirconium oxynitrate aqueous soiution
(produced by Shin Nippon Metal & Chemical Co., Ltd.,
concentration 18.12 percent by weight in terms of Zr0;) was
blended with 31.72 g of desalted water, mixing was conducted

homogeneously. The resulting solution was blended with 80 g



thereafter, starting the heat treatnent is poor. [0234] - 105 Likew se, as
is clear from conparisons between Exanples 2-1 to 2-3 and Conparative
exanple 2-2, the perfornmance of the catal yst obtained not by the
honbgeneous precipitation nethod in carrier pores, but by putting the
carrier inpregnated with the nmetal salt into the alkali solution and
supplying the alkali fromthe outside is poor. [0235] Furthernore, as is
cl ear from conpari sons between Exanples 2-5 and 2-6 and Conparative
exanples 2-3 and 2-4, simlar resultgpzre obtained in the case where
different carriers are used. Therefore, it is clear that the process
according to the third aspect, in which the honbgeneous precipitation

aci d cataf 8102 [ GRRUCTDURE LT G FE Lhe NI AL 2Bt e CAREA huent or s of
Dol yot hds3§ bl 9 rFPRREEE L7 o728 BT BRET R aoRyBrTe- Bt puibpo ke o ° °
o he e oD R ERA L oSG PLESSRE o 00y e AL O ee
L525" G elsbgE) GOk 4 oA ARy SLRURLEGNEL 2. BIuPI 1 9700PS
whi ch Wﬁﬁnﬁgpa@ﬁis was put into a 500-ml pear-shaped flask, and a

solid acid catalyst was obtained by heating as in

Comparative example 2-2, and by conducting a treatment with

ammonium bicarbonate, separation of a catalyst through

filtration, washing, drying, and firing as in Comparative

example 2-2. The average crystallite diameter of zirconium

oxide determined onrthe basis of the XRD measurement was 53

A, and the amount of supported zirconium oxide was 16.9

percent by weight relative to the entire amount of the

catalyst.

[0229]

A polyether was produced as in Example 2-1 except that

the resulting catalyst was used. The degree of conversion

was 35.9%, Mn was 3,943, and Mw/Mn was 1.97.

[0230]

The results of Examples 2-1 to 2-6 and Comparative

examples 2-1 to 2-4 described above are shown in Table 2-1

collectively.

[0231]

[Table 2-1]



of subjecting by itself a cyclic ether to ring-opening 106 polynerization,
as the catal yst, the average nol ecular weight of the resulting polyether
was able to be easily efficiently controlled at a desired val ue w t hout
adversely affecting the other performance. Consequently, the fourth

aspect has been conpleted. [0237] That is, the gist of the fourth aspect
resides in a process for production of a polyether characterized by
including the step of subjecting a cyclic ether to a ring- opening

pol ynmeri zation in the presence of a catalyst, wherein a catalyst, in which
a solid acid catalyst containing at st one type of elenent selected
fromthe group consisting of the groups 1, 2, 4, 6, 8, 9, 12, 13, 14, 15,

16, and (F—tmrtherpertodircrtabte—anm—berng—capabte—of——subjecti ng by itsel f
a cycli¢ ether tojring-opeping Pol/neriihb&ﬂnbh$ﬁndwwhm to clontain at
| east onpe type of balf e &Srestelitfol—eent-ai-npe—-n—thersoet-d—aej d cat al yst
and sellected from the ;g olp EH¥si s iDmgr@f.Oft he groups]{ 3, 5, 1% and 11 in
the perilodic tabl g, 1s usefl asfhe faerafeysion| [0938] | nMwdInf durth aspect,
preferalply, at |ehst one type of splid%cid| catal ysti selected fromthe
group c@gnsrstrng pr___nNetal[oxide cafal ysts, gonposlte| netal ox) de
cat al yst| Examwplgd~1 bat @Wsts| an® zeo| i t 63at ) ys€263 s used-88s tlhe solid acid
cat al ys§—capabie pf—subj eC | JRL By Seff a cyctic ether to

Example2-2 Q15 (10) or less 55.1 2520 1.87

Example2-3 Q15 22 51.2 2252 1.87

Example2—4 Q15 22 55.4 2626 1.87

Comparative] g 47 29.8 3019 2.0t

example2—1

Comparative| 5 30 45.7 2047 2.03

example2—2

Example2-5 Q30 28 52.7 2875 1.85

Example2-6 Q30 28 419 2436 1.73

Comparative| 4, 7 13.0 3167 2.13

example2—3

Comparative) 44 53 35.9 3943 197

example2—4

[0232]

The following is clear from Table 2-1.
[0233]

As is clear from comparisons between Examples 2-1 to 2-
3 and Comparative example 2-1, the performance of the
catalyst obtained not by the homogeneous precipitation
method in carrier pores, but by drying the impregnated -
carrier so as to allow the metal salt and the precipitant
precursor in the impregnant to become in the solid state and,
thereafter, starting the heat treatment is poor.

[0234]



- 107 - ring-opening polynerization. [0239] Preferably, copper and/or
nickel is used as the netal elenent not contained in the solid acid

catal yst and selected fromthe group consisting of the groups 3, 5, 10,
and 11 in the periodic table. [0240] Preferably, at |east one type of
solid acid catalyst selected fromthe group consisting of clay catal ysts,
silica-alumna, silica-titania, and silica-zirconia is used as the solid
acid catal yst capable of subjecting a cyclic ether to ring-opening

pol ymeri zation. [0241] Preferably,-th® catalyst is produced by all ow ng
the nmetal hydroxide and/or the netal oxide to be supported in pores of a
carrier by conducting a honbgeneous precipitation nethod in the carrier

. [0242] , Accordi to t f [ f
Phe Torth aspodewidt Meritye el calaprt et el PN o  her
b d | v.by_ ch | th t LEi f
CatalystoTh Gt Aeb i YU Erare) G THEC 2221 | BACchab T RATAG: Edver el y
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method in carrier pores, but by putting the carrier
impregnated with the metal salt into the alkali solution and
supplying the alkali from the outside is poor.

[0235] |

Furthermore, as is clear from comparisons between
Examples 2~5 and 2-6 and Comparative examples 2-3 and 2-4,
similar results are obtained in the case where different
carriers are used. Therefore, it is clear that the process
according to the third aspect, in which the homogeneous
precipitation method is conducted in carrier pores, can
produce a high-performance solid acid catalyst.

[0236] _
[Description of the fourth aspect]

The inventors of the present invention found that
regarding a process for production of a polyether including
the step of subjecting a cyclic ether to a ring-opening
polymerization in the presence of a catalyst, when a
polyether was produced by using a solid acid catalyst, which
contained at least one type of element selected from the
group conéisting of the groups i, 2, 4, 6, 8, 9, 12, 13, 14,
15, 16, and 17 in the periodic table and which was capable

of subjecting by itself a cyclic ether to ring-opening



Therefore, according to the fourth aspect, a polyether having a desired
average nol ecul ar wei ght in accordance with the uses of the polyether can
be easily efficiently produced. [0243] The enbodi nents according to the
fourth aspect will be described belowin detail. However, the follow ng
description of constituent features is an exanple (typical exanple) of
execution forns of the fourth aspect, and the fourth aspect is not
specifically limted to these contents wthin the bounds of the gist.
[0244] [Catalyst] The catalyst to be used in the fourth aspect will be
descri bed. The catal yst to be used Tnl®fhe-present invention is a solid
.acid catalyst allowed to contain a specific netal elenment (the group 3, 5,
10, or 11 in the periodic table). [0245] <Solid acid catalyst> In the

present poveRet0Pat esAMPAEStRE é@kaﬂyaﬁl dtheahakbysls ins%eés?a%eol ite and
the Iike having crystal structures of (FI "X, Y, and the [ike; netal

oxi des, wefght &fltka, rébuninag %bl?@tﬁeraﬁﬂszhbﬁénté bEOBREsI{e netal
oxi des, e.g., silica-titania, ica-alumna, silica- zirconia, and

al um na-¢ffheientiy mmom@auaal atyesiraet ahluexwviehoat cagoebbaeyd;
support type acid catalysts in which - 109 netal oxides, clay, or zeolite
servi ng asfeatingrshsupphet performance. Consequently, the fourth

aspect has been completed.

[0237]

That is, the gist of the fourth aspect resides in a
process for production of a polyethér characterized by
including the step of subjecting a cyclic ether to a ring-
opening polymerization in the presence of a catalyst,
wherein a catalyst, in which a solid acid catalyst
containing at least one type of element selected from the
group consisting of the groups 1, 2, 4, 6, 8, 9, 12, 13, 14,
15, 16, and 17 in the periodic table and being capable of
subjecting by itself a cyclic ether to ring-opening
polymerization is allowed to contain at least one type of
metal element not contained in the solid acid catalyst and
selected from the group consisting of the groups 3, 5, 10,
and 11 in the periodic table, is used as the catalyst.
[0238]

In the fourth aspect, preferably, at least one type of
solid acid catalyét selected from the group consisting of
metal oxide catalysts, composite metal oxide catalysts, clay
catalysts, and zeolite catalysts is used as the solid acid

catalyst capable of subjecting by itself a cyclic ether to



metal oxides different fromcarriers or conpounds having an acidic
property; and clay and the like, e.g., activated clay. Mst of all,
conposite netal oxides, support type acid catalysts, and clay and the |ike
are preferable, and silica- zirconia, silica-alumna, silica-titania, and
clay and the |ike are particularly preferable. [0246] <Process for
production of solid acid catal yst> Known technol ogi es can be used as the
process for production of the solid acid catalyst and the process is not
specifically limted. Specifically,-th@7 production processes described in

t he above-descri bed Patent Docunent 1, Patent Docunent 2, and the |like can
be adopted. [0247] It is preferable that the solid acid catalyst to be
used in the fourth aspect is.a catalyst in which a netal hydroxide and/or
net al ox?%EST%P§%bB%rE%ﬁy?ﬁrbﬁ?E%o%f the carrier by conducting a
honngenqug grecipitation method in the carrier pores. [0248] <Method for
allomﬁng[ #7H acid catalyst to contain specific netal elenent> Any one of

t he foll ow ng,. netho can, he Q ) i lid

aci d cat al yst% ’ieog%roag? n cacfpgqulag% Qe}ljoe]gsrfH(;)hﬁae:_L %% 2‘? 9%{1 g%%ﬁ%ﬂﬁh%éc'ﬁa?ssgolt

cont ai nedh IRe40en 50! E8ne A¢hda Rt ALHS 5818 "RLER Laraghset gflal rom the group
selected from the group consisting of the groups 3, 5, 10,

and 11 in the periodic table.

[0240]

pPreferably, at least one type of solid acid catalyst
selected from the group consisting of clay catalystis,
silica-alumina, silica-titania, and silica-zirconia is used
as the solid acid catalyst capable of subjecting a cyclic
ether to ring-opening polymerization.

[0241]

Preferably, the catalyst is produced by allowing the
metal hydroxide and/or the metal oxide to be supported in
pores of a carrier by conducting a homogeneous precipitation
method in the carrier pores.

[0242}

According to the process for production of a polyether
of the forth aspect, the average molecular weight of the
resulting polyether can be changed merely by changing the
components and the composition of a catalyst to be used
without changing the reaction condition nor adversely

affecting the performance other than the average molecular

weight.



consisting of the groups 3, 5, 10, and 11 in the periodic table (hereafter
may be referred to as additive elenent): (1) a nethod in which the
additive elenent is contained in advance in a carrier to be used in the
preparation of a solid acid catalyst, (2) a nmethod in which the additive
elenment is contained at the same tine with the preparation of a solid acid
catalyst, and (3) a nethod in which the additive elenent is added after a
solid acid catalyst is prepared, and the nethod of item(2), that is, the
method in which the additive elenent_is contained at the sanme tine with
the preparation of a solid.acid catal9%ts is preferable. [0249]
<Production of catalyst by honbgeneous precipitati on nethod> The process

for production of a catalyst to be used in the fourth aspect will be _
descri bed beliiuremiates mddirBidr tdy el et efdie) ety dthesame time
with the preparation of a solid acid catalyst in'the production of the

cat al ysthdyigg horogenesdisaps g hal ONL 4B Hetght ifasEESFdRNEESwith t he
case where the catalyst to be used in the fourth aspect is a support type
aci d cat#Heysisepref ethdl yolyseherldin bet alasdpurif fdlcismpler edIRisd .S

relative to the carrier, the amount of supported netal serving as the
solid acia4xpt al yst, and the anmount of the supported additive el enent

The embodiments according to the fourth aspect will be
described below in detail. However, the following |
description of constituent features is an example (typical
example) of execution forms of the fourth aspect, and the
fourth aspect is not specifically limited to these contents
within the bounds of the gist.

[0244]
[Catalyst]

The catalyst to be used in the fourth aspect will be
described. The catalyst to be used in the present invention
is a solid acid catalyst allowed to contain a specific metal
element (the group 3, 5, 10, or 11 in the periodic table).
[0245]
<S0lid acid catalyst>

In the present invention, examples of solid acid
catalysts include zeolite and the like having crystal
structures of MFI, X, ¥, and the like; metal oxides, e.g.;
silica, alumina, titania, and zirconia; composite metal
oxides, e.g., silica-titania, silica-alumina, silica-
zirconia, and alumina-titania, in which a plurality of metal

oxides are combined; support type acid catalysts in which



are the amounts determ ned by conversion of the amount of supported netal
salt or netal oxide described later. [0250] The honpbgeneous precipitation
met hod i s conducted by, for exanple, inpregnating a carrier with a netal
salt and a precipitant precursor, which generates a precipitant through a
chem cal reaction, e.g., hydrolysis, in a solution, at the sanme tine, and
subjecting the inpregnated carrier to a treatnent, e.g., a heat treatnent,
for generating the precipitant fromthe precipitant precursor. For the
honbgeneous precipitation nethod, il jginportant that the netal salt and
the precipitant precursor constitute a liquid phase, that is, a solution.
Therefore, the carrier is inpregnated with an inpregnation sol ution
including the netal salt and the precipitant precursor and, thereafter,
the tredtefeht 9%kdeRnc?AY ndPX eCPt EER pF ERRING r ¥Fn TRET LBF P PPPARE
precursor is conducted, [0251 For the petal salt to b& dﬁssolved into the
i npr egnde el SFIADALIE oERnt EEPR FRIFLLBRRrAF i NYURCYRPF dRA%LRY 2Bt al yst

(hereal Lo I Beobelert o0ed 0oy 2nicihd J950eT Do TRlaly sald Oy gpd @
E szng]r e((11§ Oéﬁ:ﬁ% rof" %q. i,t ic\é)%lpecls%@entmestaallt 'gxfc{ees ,uss%.{jppi)onré: Qc%é]aééf&
catalysts, and clay and the like are preferable, and silica-
zirconia, silica-alumina, silica-titania, and clay and the
like are particularly preferable.
[0246]
<Process for production of solid acid catalyst>

Known technologies can be used as the process for
production of the solid acid catalyst and the process is not
specifically limited. Specifically, the production
processes described in the above-described Patent Document 1,
Patent Document 2, and the like can be adopted.

{0247]

It is preferable that the solid acid catalyst to be
ﬁsed in the fourth aspect is a catalyst in which a metal
hydroxide and/or metal oxide is supported in pores of the
carrier by conducting a homogeneous precipitation method in
the carrier pores.

[0248]
<Method for allowing solid acid catalyst to contain specific
metal element>

Any one of the following methods can be adopted as the

method for allowing a solid acid catalyst to contain at



The carrier of the catalyst is not specifically limted. However, netal
oxi des, conposite netal oxides, zeolite and the |ike, and clay and the

|i ke are preferable. Silica, alumna, zirconia, titania, silica-alunm na,
silica-zirconia, silica-titania, and clay and the like are nore
preferable. Silica, alumna, zirconia, and clay and the |like are
particularly preferable. [0253] These carriers may be used al one or at

| east two types nmmy be used in conbination. [0254] (2) Metal salt to be
di ssolved into inpregnation solution (2-1) Acid-generating netal salt For
the metal elenment of the netal salt~wht@his supported by the carrier and
which manifests a solid acid, at |east one type of netal elenent of the
groups 1, 2, 4, 6, 8, 9, 12, 13, 14, 15, 16, and 17 in the periodic table

I's  usedef¥ef Siabhdtared Pdnah € /R Sh 0 s t HEt 0EONPa fmed hen 0EBYPsoldd and the
group 14 in the periodic table are used. Metal elenments of Ti, Zr, Hf, A,

and Si a@idoégcrpderabd evh il id1 selectaddrAbm atge pgrdusul arly
preferable. - 113 - [0255] The type of the salt is not specifically

| i m ted.cotioieyiig @&f Nilid ajupn Heed at o, aandl fAt &n die opyniddate, a
chloride, or an oxychloride is preferable, and an oxynitrate, an
oxychl oriaisl e ofhersafifat andy borsepeefed abdeas additive element):
(1) a method in which the additive element is contained in
advance in a carrier to be used in the preparation of a
gsolid acid catalyst,
{2) a method in which the additive element is contained at
the same time with the preparation of a solid acid catalyst,
and
(3) a method in which the additive element is added after a
solid acid catalyst is prepared,
and the method of item (2), that is, the method in which the
additive element is contained at the same time with the
preparation of a solid .acid catalyst, is preferable.
[0249]
<Production of catalyst by homogeneous precipitation method>
The process for production of a catalyst to be used in
the fourth aspect will be described below, wherein the
additive element is contained at the same time with the
preparation of a solid acid catalyst in the production of
the catalyst by a homogeneous precipitation method in
carrier pores.

In the case where the catalyst to be used in the fourth

aspect is a support type acid catalyst, preferably, the



[0256] That is, for the acid-generating netal salt, a nitrate, an
acetate, a sulfate, an oxynitrate, a chloride, or an oxychloride of an

el enent of the group 1, 2, 4, 6, 8, 9, 12, 13, 14, 15, 16, or 17 in the
periodic table is preferable, and zirconiumoxynitrate, zirconium
oxychloride, zirconium sulfate, titaniumchloride, or alumnumsulfate is
further preferable. [0257] These acid-generating netal salts may be used
alone or at least two types may be used in conbination. [0258] (2-2)
Additive element salt On the other -hand, netal elenents of the group 3, the
group 5, the group 10, and the group 11 in the periodic table are used as
at least one type of netal elenment (additive elenent) which is to be added

to the solid acid catalyst, which is not tai ned i the S | aci d
cat al ysttOtaénchWWHh qfs WPRALTRA ff‘feoi?ﬂ]t%er r}'u’p %o%%lfgis'f ng o %% gr oups

3, 5 10, and 11 in the periodic tahle. Metal §gf f N, Cu,
and Ce dhe FmFEramfe, “5921? c{a aeEy ]p%ﬁté? lrr]%rl prefera le. [0259]
S5 0 RO U6 S SR S Bt SR SAS St L dedhohovever
OXyCthEL%S ' pqﬁgéﬁégﬂé%terﬁhned by conversion of the amount of
supported metal salt or metal oxide described later.
[0250]
The homogeneous precipitation method is conducted by,
for example, impregnating a carrier with a metal salt and a
precipitant precursor, which generates a precipitant through
a chemical reaction, e.g., hydrolysis, in a solution, at the
same time, and subjecting the impregnated carrier to a
treatment, e.g., a heat treatment, for generating the
precipitant from the precipitant precursor. For the
homogeneous precipitation method, it is important that the
metal salt and the precipitant precursor constitute a liquid
phase, that is, a solution. Therefore, the carrier is
impregnated with an impregnation solution including the
metal salt and the precipitant precursor and, thereafter,
the treatment for generating the precipitant from the
precipitant precursor is conducted.
[0251]
For the metal salt to be dissclved into the
impregnation solution, a metal salt for generating a solid
acid catalyst (hereafter may be referred to as an "acid-

generating metal salt") and a metal salt for generating the



an oxynitrate, an oxychloride, or a sulfate is nore preferable. [0260]
That is, for the additive elenent salt, a nitrate, an acetate, a sulfate,
an oxynitrate, a chloride, or an oxychloride of a nmetal of the group 3,
the group 5, the group 10, or the group 11 in the periodic table is
preferable, and nickel nitrate, nickel chloride, copper nitrate, or copper
chloride is further preferable. [0261] These additive elenent salts may be
used alone or at |east two types may be used in conbination. [0262] (3)
Preci pi tant precursor The precipitant;pgecursor undergoes a chenica
reaction, e.g., hydrolysis, by a treatnent, e.g., heating, in an

i npregnation solution so as to generate a precipitant. The precipitant
reacts with a nmetal salt in the inpregnation solution so as to cause
preci pi t29bHi6e alepentr Aarexfuer mayibe rabagrafetPphfadl precursors, a
precipitan recursor which enerates a base as a precipitant, that is,

t he preci%éqg ve e LeeRbS gch dERel8fesil BAERIRAESDABA hydrol ysis or

ot her ({ﬁiﬁiﬁl reaction in an inpregnation solution and increases the pH
of the s n so as to precipitate a netal salt as a hydroxide or an
oxi de, ifquéerred to as a "base precursor”.

y Carrier

The carrier of the catalyst is not specifically limited.
However, metal oxides, composite metal oxides, zeolite and
the like, and clay and the like are preferable. Silica,
alumina, zirconia, titania, silica-alumina, silica-zirconia,
silica-titania, and clay and the like are more preferable.
Silica, alumina, zirconia, and clay and the like are
particularly preferable.

[0253]

These carriers may be used alone or at least two types
may be used in combination.
[0254]
(2) Metal salt to be dissolved into impregnation solution
(2-1) Acid-generating metal salt

For the metal element of the metal salt which is
supported by the carrier and which manifests a solid acid,
at least one type of metal element of the groups 1, 2, 4, 6,
8, 9, 12, 13, 14, 15, 16, and 17 in the periodic table is
used. Preferably, metal elements of the group 4, the group
13, and the group 14 in the periodic table are used. Metal
elements of Ti, Zr, Hf, Al, and Si are more preferable, and

Ti, Zr, and Al are particularly preferable.



[0263] The precipitant precursor for conducting the honbgeneous
precipitation nethod is not specifically limted. However, in general, the
base precursor is used. [0264] For the base precursor, urea, cyanuric
acid, alkyl- substituted urea, thiourea, alkyl-substituted thiourea, am de
conpounds conposed of am nes and carboxylic acids, and the |ike are used.
Preferably, urea, cyanuric acid, and alkyl-substituted urea are used. It
is particularly preferable to use urea and cyanuric acid fromthe

vi ewpoi nt  of the ease of avail abil+itdddnd the cost. These base precursors
may be used alone or at |east two types may be wused in conbination. [0265]
(4) Basic substance Not only the above-descri bed base precursor, but also a
predet erggiagh amount of basic substance nay be added to the - 116

i npregnati on %olution in advance in order to increase the pH wthin the

bounds of noipGAYSIHA o QHPIA G dt ighed S0 ca10ssi hisi @i educe the
usage of the base“precursor and the tinme required to generate

preci pi iplddreby ASANGrdtie, kasi fcetabs) anceul fH26H] an Toeyhasratsyubst ance is
not specifically limted. Exanples thereof include hydroxides, carbonates,
chloride, or an oxychloride is preferable, and an oxynitrate,
an oxychloride, or a sulfate is more preferable.
[0256]
That is, for the acid-generating metal salt, a nitrate,
an acetate, a sulfate, an oxynitrate, a chloride, or an
oxychloride of an element of the group 1, 2, 4, 6, 8, 9, 12,
13, 14, 15, 16, or 17 in the periodic table is preferable,
and zirconium oxynitrate, zirconium oxychloride, zirconium
sulfate, titanium chloride, or aluminum sulfate is further

preferable.

[0257]

These acid-generating metal salts may be used alone or
at least two types may be used in combination.
[0258]
(2-2) Additive element salt

on the other hand, metal elements of the group 3, the
group 5, the group 10, and the group 11 in the periodic
table are used as at least one type of metal element
(additive element) which is to be added to the solid acid
catalyst, which is not contained in the solid acid catalyst,
and which is selected from the group consisting of the

groups 3, 5, 10, and 11 in the periodic table. Metal



bi car bonat es, phosphates, and acetates of alkali netals, alkaline earth

met al s,
am nes;

pr ef er abl e,

Usual |y,

above-described acid-generating metal galt, the additive elenent salt,

and ammoni uny ammoni a; and organic am nes. Ammopni a; organic

and carbonates, bicarbonates, and phosphates of ammoni um are

and anmoni um car bonat es and anmoni um bi carbonates are nore
preferable. [0267] These basic substances may be used al one or at | east
two types may be used in conbination. [0268] (5) Inpregnation solution

the inpregnation solution is prepared by dissolving the

t he

preci pitant precursor and, if necessary, the basic substance into water.

10269]

The concentrations of the netal salt and the - 117 precipitant

precursor_in the inpregnation solution are not specifically limted,

i nsof ar akeneRtyi Bl i &0, strd eCesargapreficnadlandanfeNioandnt€raairen i s

suitable for realizing a favorable anmount of support by a carrier

descri beRp¥eieplarli preferabenetal salt concentration is 0.01 to 50

per cent
parti cul

of the acid-ge raé%gqinetal salt. and the additive elenent salt. The
preci pi t ant g%@SEﬁ i

wei ght, preferably 0.1 to 40 percent by weight, and

b
2 §9breferably 0.5 to 30 percent by weight in total concentration

hese pdditive elements are not specifically
limited. However, a nitrate, an acetate, a sulfate, an
oxynitrate, a chloride, or an oxychloride is preferable, and
an oxynitrate, an oxychloride, or a sulfate is more
preferable.

[0260]

That is, for the additive element salt, a nitrate, an
acetate, a sulfate, an oxynitrate, a chloride, or an
oxychloride of a metal of the group 3, the group 5, the
group 10, or the group 11 in the periedic table is
preferable,rand nickel nitrate, nickel chloride, copper
nitrate, or copper chloride is further preferable.

[0261] |

These additive element salts may be used alone or at

least two types may be used in combination.
[0262]
{3) Precipitant precursor

The precipitant precursor undergoes a chemical reaction,
e.g., hydrolysis, by a treatment, e.g., heating, in an
impregnation solution so as to generate a precipitant. The
precipitant reacts with a metal salt in the impregnation

solutjion so as to cause precipitation of a metal hydroxide.



10 tinmes the theoretical amobunt sufficient for precipitating the entire
met al
5 times, as described later. [0270] The basic substance is used

appropriately in such a way
is,

salt, preferably 0.2 to 8 tinmes, and particularly preferably O.

different depending on the types and the concentrations of the netal
and the precipitant precursor to be used, the basic substance is used at
an anount required in accordance w tjydg hese conditions. [0271] |In order

to conduct the honbgeneous precipitation

that a required pH condition is obtained.
since the pH condition required for generating precipitation is

nethod in the carrier, it is

3to
That

sal t

necessary that at |least two types of netal salts of the acid-generating
nmet al

118
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salt and the additive elenent salt and the Erecigitant B ecursor are

i npregnation solution before a treatpent, in which th recipitan
E§? g §ﬁ5@§£other

pr ecur so¥eneratRy ot tRAFE A% PprREEPIPLINT; sThEbndfict

GhSt
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N i L Sabip oy e REsHRpPEgrkiFon
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sol ut | on | {61, Homogencous, precl ol L2L1 o0, TELBRU4G- LhcbELbEY for

i npr egnat?

TRy

the pH of the solution so as to precipitate a metal salt as
a hydroxide or an oxide, is referred to as a "base

precursor".

[0263]

The precipitant precursor for conducting the

homogeneous precipitation method is not specifically limited.

However, in general, the base precursor is used.
[0264]

For the base precursor, urea, cyanuric acid, alkyl-
substituted urea, thiourea, alkyl-substituted thiourea,
amide compounds composed of amines and carboxylic acids, and
the like are used. Preferably, urea, cyanuric acid, and
alkyl-substituted urea are used. It is particularly
preferable to use urea and cyanuric acid from the viewpoint
of the ease of availability and the cost. These base
precursors may be used alone or at least two types may be
used in combination.

[0265]
(4) Basic substance
Not only the above-described base precursor, but also a

predetermined amount of basic substance may be added to the



The met hod for inpregnating the carrier with the above- descri bed

i npregnation solution is not specifically limted. However, it is
preferable that a pore-filling nethod is conducted in order to allow the
carrier to uniformy support the acid-generating netal salt and the
additive elenent salt. |In this case, it is preferable that the vol une of
the inpregnation solution, with which the carrier is inpregnated, "is 60%
to 120% of the carrier pore volune, further preferably 70%to 110% and
particularly preferably 80%to 105% %ﬁ the amount of liquid is too small
the inpregnation solution do not uni% rmy enter carrier pores, ‘and
nonuni formty results. Conversely, if the amount is too |arge, the

i mpregnation sol ution adheres to the outer surface of the carrier, and
nonuni f cimprygatisbon eselution [ DR78fvand4 9in Apydenouat inanchsesthechrd as
the amount of nmetal salt to be supported by the carrier through

i mpr egnadiiomin Hhadveunds hef apptintausing uptéyiPitdtion50 Pericersldy wei ght
in total of the acid-generating netal salt and the additive elenment salt
rel ati vepessipke \fkq grerduste tike casagerof pheflass| yprocussen 4adpeheent by
wei ght, and further preferably 0.1 to 30 percent by weight. Usually, the
anount oF® M@ 1Rl FRRRTPT ¢ dprepittatben | ky spetng | eletlasdc within
the range of 0.1 to 10 in ternms of nole ratio, where the theoretical
anount SIHRSTARGR- for precipitating the entire netal salt supported by the

carrierE&bégfunedtC)be

The basic substance is not specifically limited.
Examples thereof include hydroxides, carbonates,
bicarbonates, phosphates, and acetates of alkali metals,
alkaline earth metals, and ammonium; ammonia; and organic
amines. Ammonia; organic amines; and carbonates,
bicarbonates, and phosphates of ammonium are preferable, and
ammonium carbonates and ammonium bicarbonates are more
preferable.

[0267]

These basic substances may be used alone or at least
two types may be used in combination.
[0268]

(5) Impregnation solution

Usually, the impregnation solution is prepared by
dissolving the above-described acid-generating metal salt,
the additive element salt, the precipitant precursor and, if
necessary, the basic substance into water.

[0269]

The concentrations of the metal salt and the



1, preferably within the range of 0.2 to 8, and further preferably within
the range of 0.3 to 5. [0274] (6-2) Method for generating and
after-treating precipitation A treatnent, e.g., heating, for converting
the precipitant precursor to a precipitant is conducted while the netal
salt and the precipitant precursor, which are supported by the carrier

t hrough i npregnation of the carrier wth the inpregnation solution, remain
in the state of solution in carrier pores, and the netal salt is converted
to a correspondi ng netal hydroxi de -byithe- precipitant honbgeneously
generated in the inside of the carrier. [0275] |In general, a base
precursor is used as the precipitant - 120 precursor and hydrol ysis of

the baseRLegHagl. YUQUALReRl 1L | Autpsthasidhed Leptarnly{ o onver ting

t he basé’ ursor ase descrr ove, In order to

conduct ﬁnae%ﬂfl fgﬁorﬁnlﬂ&mﬂrg@f#wﬂfﬂggﬁu&aﬂ@t%ré@éteores it is

require east two types o ts and the precipitant

precur sQf, f}r@dh{b& Cﬁét@ﬁ@ AnGesotation. id litsh1@ FbAULE:1PhASe 4 before

t he treatnent, the precipitant precursor is converted to the
pr eci pi t@%rd@lé%ﬁﬂﬁ{@d}f }f@%ﬁh@%%é&frim 1deenl |east two

types of netal salts and the precrpr ant precursor may be in any
Usually, the metal salt concentration is 0.01 to 50 percent
by weight, preferably 0.1 to 40 percent by weight, and
particularly preferably 0.5 to 30 percent by weight in total
concentration of the acid-generating metal salt and the
additive element salt. The precipitant precursor is 0.1 to
10 times the theoretical amount sufficient for precipitating
the entire metal salt, preferably 0.2 to 8 times, and
particularly preferably 0.3 to 5 times, as described later.
[0270]

The basic substance is used appropriately in such a way
that a required pH condition is obtained. That is, since
the pH condition required for generating precipitation is
different depending on the types and the concentrations of
the metal salt and the precipitant precursor to be used, the
basic substance is used at an amount required in accordance
with these conditions.

[0271]

In order teo conduct the homogeneous precipitation

method in the carrier, it is necessary that at least two

types of metal salts of the acid-generating metal salt and

the additive element salt and the precipitant precursor are



state. [0277] |In the case where the base precursor is converted to the
base through hydrolysis reaction effected by heating, a heating
tenperature within the range of 50C to 300C is usually adopted, and
preferably the range of 60C to 200C is adopted. The heating tenperature
can al so be changed over tine. If the heating tenperature is too low, a
reaction of generation of the precipitant fromthe precipitant precursor
may not occur or a very long tine may be taken. If the heating tenperature
is too high, in sone cases, the enti wat er required for hydrol ysis may
be renoved before the reaction of @ $ation of the precipitant - 121
fromthe precipitant precursor is finished. In order to conduct a good,
st abl e honpbgeneous precipitation nmethod, it is preferable that 5% or nore
of wat erin ma tlqudrsignss j othatsolsl} i andisddébuwbbahstheeaini €hehas been
i npregnated, remains at the point in tine when the precipitation
gener at i mmprepcd t oo | soTuti ehdee fane 4 utidetmenef eiabklyidR% her nore of
wat er remains. [0278] The heating of the carrier inpregnated with the
i npr egnattieanipiofant grremyrser comdumeelrted tbe stprecipiwdmich is he support
carrier does not nove as in a fixed-bed heating apparatus. However,
parti culcandugied he Subsd anidese odhlear gdanarnhentalofvecatesopsitbeids gir epared, it
is nore preferable that a

least two types of metal salts and the precipitant precursor

may be present in any state in the impregnation solution.

[0272]

(6) Homogeneous precipitation method

(6-1) Method for impregnating carrier with impregnation

solution

The method for impregnating the carrier with the above-

described impregnation solution is not specifically limited.

However, it is preferable that a pore-~filling method is

conducted in order to allow the carrier to uniformly support

the acid-generating metal salt and the additive element salt.

In this case, it is preferable that the wvolume of the |

impregnation solution, with which the carrier is impregnated,

is 60% to 120% of the carrier pore volume, further

preferably 70% to 110%, and particularly preferably 80% to

105%. If the amount of ligquid is too small, the

impregnation solution do not uniformly enter carrier pores,

and nonuniformity results. Conversely, if the amount is too

large, the impregnation solution adheres to the outer

surface of the carrier, and nonuniformity also results.

[0273]



fluidi zed- bed apparatus, a rotary heating apparatus, and the 1|ike are used
wherein the support carrier is fluidized. In the case where vapori zation
of water occurs during heating, it is believed that when the support
carrier is fluidized, the amount of vaporization of water does not vary on
a particle of the support carrier basis and, therefore, the wuniformty is
further inproved. [0279] |If vaporization of water during heating is too
fast, the entire water may be renoved before the hydrolysis of the base
precursor is conpleted and, thereby; th® precipitant may not be supplied
sufficiently. Therefore, usually, - 122 conplete renoval of water is
conducted desirably in such a way that the water is renoved conpletely

over 1 hour QinyMiibuntPlEfENAbldeBhUd SadPrtNer fnode dfrhdedl psglferably 6
hours or nore after the heating is started and the precipitation

gener at i @) p&eashpPPrtsd by chedcatP280] thibugrcenpaeynathent esul ting
catalyst is washed with water, an al kaline aqueous solution, an acid

agueous HG@wdl PNEh@Nams @i Ts Soswehly 00l heol bkepapdens Hyi edight
Thereafter, firing is conducted in an atnosphere of an inert gas, e.g.,
ni t r ogenmwrtet b f othanaldogseher et bhgametaXi daztngndasheeadditave or a
di l ut ed oxygen gas, so that a catalyst having a desired performance can be
obt ai neceLld&ient healt ngebadive rimgthenmpeightrefathehesrriias,is usually 100C

preferably 0.05 to 40 percent by weight, and further

preferably 0.1 to 30 percent by weight. Usually, the amount

of the supported precipitant precursor is specified to be

within the range of 0.1 to 10 in terms of mole ratio, where

the theoretical amount sufficient for precipitating the

entire metal salt supported by the carrier is assumed to be

1, preferably within the range of 0.2 to 8, and further

preferably within the range of 0.3 to 5. |

[0274]

(6-2) Method for generating and after-treating precipitation

A treatment, e.g., heating, for converting the

precipitant precursor to a precipitant is conducted while

the metal salt and the precipitant precursor, which are

supported by the carrier through impregnation of the carrier

with the impregnation solution, remain in the state of

solution in carrier pores, and the metal salt is converted

to a corresponding metal hydroxide by the precipitant

homogeneously generated in the inside of the carrier.

[0275]

In general, a base precursor is used as the precipitant



to 1,200C, preferably 300C to 1,100C, and further preferably 500C to

1, @0C. The catalyst activity and the stability of the resulting catalyst,
that is, a solid acid catalyst, to which specific nmetal el enments have been
added, can be inproved by conducting the above-described heating and
firing. [0281] However, all the above-described steps are not always
necessary insofar as a catalyst, in which at | east one type of netal

el enent not contained in the solid acid catalyst and selected fromthe
group consisting of the groups 3, 5, ;5423 10, and 11 in the periodic
tabl e has been added to the solid acid catalyst, is obtained finally.
Therefore, the production steps thereof are not specifically limted.
[0282] <Amount of supported metal > In the catal yst obtained by the

above- depeecwbePpr ogrdshyduglus Ly, ofhehadaasevprerunenr threwghstate of an
oxide is added to the solid acid catalyst. [0283] |In the case where the
cat al ystheat g usedusadt a2 bh@sbﬁ?atmﬁ%étf@ﬁ Fenyerhingyshe haghi ch a netal
oxide, e.g., zirconia, is supported by a carrier, e.g., silicain asolid
aci d catRTSRUTrseN B9 Bldi Pa%@-elenent, e.g., Ni, Cu, Ce, or the like is
added to the solid acid catal yst, the amount of supported netal serving as
the sol iP4téh catal yst is -

As described above, in order to conduct the homogeneous
precipitation method in the carrier pores, it is required
that at least two types of metal salts and the precipitant
precursor are in the state of a solution, that is, a liquid
phase, before the treatment, in which the precipitant
precursor is converted to the precipitant, is conducted.
However, substances other than the at least two types of
metal salts and the precipitant precursor may be in any
state.

[0277]

In the case where the base precursor is converted to
the base through hydrolysis reaction effected by heating, a
heating temperature within the range of 50°C to 300°C is
usually adopted, and preferably the range of 60°C to 200°C
is adopteq. The heating temperature can also be changed
over time. If the heating temperature is too low, a
reaction of generation of the precipitant from the
precipitant precursor may not occur or a very long time may
be taken. If the heating temperature is too high, in some
cases, the entire water required for hydrolysis may be

removed before the reaction of generation of the precipitant



preferably 0.1 to 15 percent by nole, and in particular 0.5 to 10 percent
by nole relative to the carrier. If the amount of support is larger than
this range, it becones difficult to support the nmetal in a uniform highly
di spersed state. If the anount is small, a sufficient anount of acid is
not generated. Preferably, the amount of supported specific netal el enent
is 0.01 to 10 percent by nole, and in particular 0.05 to 5 percent by nole
relative to the carrier. Preferably, the nole ratio of additive

el enent/solid acid catal yst netal is Bhrtio 5, and in 124 - particul ar
0.05 to 3. [0284] |If the amobunt of supported additive elenment is |arger
than this range, the performance other than the average nol ecul ar wei ght

my be agval Sehy pfdentpehnt fptdeusedmiinis finbomed, am efdfamt taf changi ng
t he average nol ecul ar weight is not exerted sufficiently. [0285] 1In the
case whafendidier catqdyd) dinlee Usatbdenddes presepitanientmenhod, aitat al yst
in which an additive elenment 1is added to a clay catalyst serving as a
solid acid meddwsttle yhef Sably méhe afowteofimddhei impoégaadicnve
elenment is 0.01 to 20 percent by weight, and in particular 0.05 to 15
percent dnlwieight witlatwhiech cchdheataiecdias yiseen | imphegnabednt of
supported additive element is larger than this range, the performance

ot her theamaire aertiye ppinkulmrtime when the precipitation

generation reaction is finished, and further preferably 10%
or more of water remains.
[0278]

The heating of the carrier impregnated with the
impregnation solution may be conducted in the state in which
the support carrier does not move as in a fixed-bed heating
apparatus. However, particularly in the case where a large
amount of catalyst is prepared, it is more preferable that a
fluidized-bed apparatus, a rotary heating apparatus, and the
like are used wherein the support carrier is fluidized. In
the case where vaporization of water occurs during heating,
it is believed that when the support carrier is fluidized,
the amount of vaporization of water does not vary on a
particle of the support carrier basis and, therefore, the
uniformity is further improved.

[0279]

If vaporization of water during heating is too fast,
the entire water may be removed before the hydrolysis of the
base precursor is completed and, thereby, the precipitant

may not be supplied sufficiently. Therefore, usually,



wei ght may be adversely affected. If the amount is small, an effect of
changi ng the average nol ecul ar weight is not exerted sufficiently. [0286]

[ Process for production of polyether] The process for production of a

pol yether according to the present invention, in which the solid acid
catal yst produced as described above and containing the additive elenent
is used as the catalyst for polynerization, will be 125 - described bel ow.
[0287] This process for production of a polyether is conducted by a

ri ng-opening polynerization reactiaon pjpcyclic ethers. That is, the cyclic
ethers are used as raw materials for the reaction, and polyethers are
produced by subjecting themto the ring-opening polynerization reaction.
[0288] In the case where pol yethers are_produced by ring- opening

pol yner i RS FRQ R FL WRTeE % Heprduehedplesiraplyysniguekhers to be
used as the raw materials for the reaction include cyclic ethers in which
t he nunt&Y oFhat Hla® wabRst LEuEPRgVeHeCPIRderelY oyer0]l hourhem@mage cyclic

e SubsUHTHRAAO A QB DRl e St [FEHIIST DRRESRHUY of URGHS oxet anc
OXEPANe, ool i RANS: Fie TaAVIAS { WA & Ao AT PYE S B R uran.
generation reaction is finished.
[0280]

If necessary, the resulting catalyst is washed with -
water, an alkaline agueous solution, an acid aqueous
solution, an organic solvent, or the like and is dried.
Thereafter, firing is conducted in an atmosphere of an inert
gas, e.g., nitrogen or argon, or an atmosphere of an
oxidizing gas, e.g., air or a diluted oxygen gas, so that a
catalyst having a desired performance can be obtained. The
heating and firing temperature at this time is usually 100°C
to 1,200°C, preferably 300°C to 1,100°C, and further
preferably 500°C to 1,000°C. The catalyst activity and the
stability of the resulting catalyst, that is, a solid acid
catalyst, to which specific metal elements have been added,
can be improved by conducting the above-described heating
and firing.

[0281]

However, all the above-described steps are not always

necessary insofar as a catalyst, in which at least one type

of metal element not contained in the solid acid catalyst

and selected from the group consisting of the groups 3, 5,



are used. Any one of honobgeneous pol ynerization by using nerely one type
of cyclic ether and copol yneri zation by using at |east tw types of cyclic
et hers can be conducted. [0289] At |east one type of the solid acid

catal yst containing the additive elenent, as described above, is used as
the catalyst. [0290] 126 Preferably, the ring-opening polynerization
reaction of the cyclic ether is conducted in the presence of a carboxylic
anhydride and/or a carboxylic acid fromthe viewpoint of the nolecular

wei ght control. In general, aliphatil2dr-aromatic carboxylic anhydrides
and/ or carboxylic acids having 2 to 12 carbon atons are used, and
preferably those having 2 to 8 carbon atons are used. These carboxylic

anhydri ! I reat t ypes
may be Slgo;da;iﬂgé conbl nat'i or1"5(§rJ{j‘d%h('j(§ @org% e%%%l? t ee(ga?%ogiﬁ?%é%%%drl de
and/or t di C ACidhi 1 Adged Msied | Y mferdddiid) thge range of 0.01

to 1.0 (no e ratl r'elative to the cyclitc ether. [0291] In the

pol ym%‘r dﬁhi&@féﬁé};&b thSRbYLMrd NRGE | ¥Sed DriddELY €REhiOB8Gcan al so be
used. general, at l'east one type of aliphatic hydrocarbons, aromatic
hydrocar and the like inactive to the ri ng-openi ng pol ynerization

reaction is used as the sol vent.
<Amount of supported metal>

In the catalyst obtained by the above-described process,
usually, the additive element in the state of an oxide is
added to the solid acid catalyst.

[0283]

In the case where the catalyst to be used in the
present invention is a catalyst in which a metal oxide, e.q.,
zirconia, is supported by a carrier, e.g., silica in a solid
acid catalyst and an additive element, e.g., Ni, Cu, Ce, or
the like is added to the solid acid catalyst, the amount of
supported metal serving as the solid acid catalyst is
preferably 0.1 to 15 percent by mole, and in particular 0.5
to 10 percent by mole relative to the carrier. If the
amount of support is larger than this range, it becomes
difficult to support the metal in a uniform, highly
dispersed state. If the amount is small, a sufficient
amount of acid is not generated. Preferably, the amount of
supported specific metal element is 0.0l to 10 percent by
mole, and in particular 0.05 to 5 percent by mole relative
to the carrier. Preferably, the mole ratic of additive

element/solid acid catalyst metal is 0.0l tc 5, and in



[0292] A generally adopted reaction form e.g., a vessel type or a tower
type, is used, and any one of a batch systemand a continuous systemis
adopt ed. Exanpl es thereof include a nethod in which the cyclic ether, the
catal yst, and the carboxylic anhydride and/or the carboxylic acid are
charged and polynerized with agitation (batch system and a nethod - 127
in which the cyclic ether and the carboxylic anhydride and/or the
carboxylic acid are continuously supplied to a reactor including the
catal yst and a reaction liquid is (xig%nuously t aken out (continuous
systen). The continuous systemis pr rable fromthe viewpoi nt of the
productivity. [0293] The usage of the catalyst is determ ned on the basis
of the type thereof, and is not specifically limted. For exanple, in the
bat ch t ygrertrBacta ,0i05 the Znount of catalyst is too snmall, the

pol ynerization rate is reduced. Conversely, if the anount is too |arge,
renoval [df284] pol yneri zation heat becones difficult. Furthernore, since
the slurry concentration of the reaction systemincreases, agitation
becones dif f ildultthe amduatpodhlsemppoandsl tagididcive iglemsaparis ilargedf the
catal yst and the reaction liquid after the conpletion of the

pol ymer itZan dihkeaangsy. irerpgniermaree Qihepe Whar Heheaawyageis usual |y
selected within the range of 0.001 to 50 tinmes on a wei ght basis relative

to the MalpAwlaghasiolyr diay 2 pdwmrsehgeabfeoted- t FREDRY MU a

is small, an effect of changing the average molecular weight
is not exerted sufficiently.
[0285]

In the case where the catalyst tc be used in the
present invention is a catalyst in which an additive element
is added to a clay catalyst serving as a solid acid catalyst,
preferably, the amount of addition of additive element is
0.01 to 20 percent by weight, and in particular 0.05 to 15
percent by weight relative to the clay catalyst. If the
amount of supported additive element is larger than this
rande, the performance other than the average molecular
weight may be adversely affected. If the amount is small,
an effect of changing the average molecular weight is not
exerted sufficiently.

[0286]
[Process for production of polyether]

The process for production of a polyether according to
the present invention, in which the solid acid catalyst
produced as described above and containing the additive

element is used as the catalyst for polymerization, will be



wei ght basis in consideration of the reaction formbeing the batch
reaction or the flow reaction. For the flow reaction, the usage of the
catal yst refers to the anount of the catalyst relative to the anmount of
supply of the liquid phase per unit tinme. [0294] - 128 The reaction
tenperature is usually 0C to 200C, and preferably 10C to 80C. The reaction
pressure nmay be any pressure insofar as the reaction systemis allowed to
maintain a |iquid phase at that pressure. Usually, the pressure is
selected within the "range of nornal j@sssure to 10 MPa, and preferably
normal pressure to 5 MPa. The reaction tine is not specifically limted.
However, in consideration of both the reaction tinme and the anount of
catal yst_and jn caonsjderation of the yield and the economc efficiency,
pref er aBISFCEIRESG 4% time is within the range of 0.1 to 20 hours, and
preferably within the range of 0.5 to 15 hours. In the batch system the
reacticnf@%qﬂﬁ refers to a period fromthe point in tine when the

R s e R
BRI PR S EE R R R e e
That is, the cyclic ethers are used as raw materials for the
reaction, and polyethers are produced by subjecting them to
the ring-opening polymefization reaction.
[0288]
In the case where polyethers are produced by ring-
opening polymerization reaction of cyclic ethers, examples
of cyclic ethers to be used as the raw materials for the
reaction include cyclic ethers in which the number of carbon
constituting the ring is 3 to 10. Furthermore, cyclic
ethers including alkyl groups, halogen groups, acyl groups,
and the like as substituents can also be used. Specifically,
tetrahydrofuran, oxetane, oxepane, 1,4-dioxane, 2-
methyltetrahydrofuran, 3-methyltetrahydrofuran, and the like
are used. Any one of homogeneous polymerization by using
merely one type of cyclic ether and copolymerization by
using at least two types of cyclic ethers can be conducted.
[0289]

At least one type of the solid acid catalyst containing

the additive element, as described above, is used as the
catalyst.

[0290]



pol yether is depending on the type of the raw material conpound. However,
in the case where a ring-opening polynerization reaction of
tetrahydrofuran (THF) is conducted, a polyether having a nunmber average
nol ecul ar weight (M) of 200 to 80,000 and, in particular, a lowto - 129
m ddl e nol ecul ar wei ght of about 200 to 40,000 can be obtained.
Furthernore, it is one of the features that a polyether having a narrow
nol ecul ar wei ght distribution can be easily produced. That is, there is a
great demand for a polyether exhibiting MM Mh of 1.3 to 2.5 industrially.
A pol yether exhibiting MV Vh of | esslZthan 3, for exanple, 1.1 to 3.0, can
be .obtai ned by using the solid acid catal yst according to the present
invention. In particular, when a preferable condition of the present

i nvention i s pyelfectedy,atheonieigiepditig ol YiRing 230 I rEl_GWmic el ght
di stribution Mw M of about 1.3 to 2.0 can al so be obtained. [0296] The

rel ati ondd pyedieertidie amuoddwiteadidid e gressittd ive €| ement rel ative
to the solid acid catalyst and the average nol ecul ar wei ght of the
resul ti mgypalxydtive mamfydiele Gaidiossta teatiestiskeit candt £ien whievocal |y
specified. Polyethers having various average nol ecul ar wei ghts are
obt ai ned igeperidith g fort hchenalgue lofr el godidantercel enamt gelneradeneral , in the
case where the sane additive element is added to the same solid acid
cat al ystaliphadliietier et £anhoxyric\aarhagly idgecauidfomei ght tends to be
obt ai ned as the ) .

carboxylic acids having 2 to 12 carbon atoms are used, and

preferably those having 2 to 8 carbon atoms are used. These

carboxylic anhydrides and/or carboxylic acids may be used

alone or at least two types may be used in combination. it

is favorable that the carboxylic anhydride and/or the

carboxylic acid is added usually at within the range of 0.01

to 1.0 (mole ratio) relative to the cyclic ether.

[0291]

In the polymerization reaction, a solvent inactive to

the reaction can also be used. In general, at least one

type of aliphatic hydrocarbons, aromatic hydrocarbons, and

the like inactive to the ring-opening polymerization

reaction is used as the solvent.

[0292]

A generally adopted reaction form, e.g., a vessel type

or a tower type, is used, and any one of a batch system and

a continuous system is adopted. Examples thereof include a

method in which the cyclic ether, the catalyst, and the

carboxylic anhydride and/or the carboxylic acid are charged

and polymerized with agitation (batch system) and a method



anount of addition of additive el enent increases. [0297] The polyethers
produced according to the present invention can be used for applications
to elastic fibers, - 130 thernoplastic polyester elastoners, thernoplastic
pol yur et hane el astoners, coating materials, and the |like. [Exanples and
conparati ve exanples] [0298] The fourth aspect will be further
specifically described below wth reference to exanples and conparative
exanpl es. However the follow ng exanples do not limt the scope of the
fourth aspect. [0299] |In the foll awjg description, the degree of
conversion of tetrahydrofuran (THF), and the nunber average nol ecul ar

wei ght (M) and the nol ecul ar wei ght distribution (Mv Wnh) of

pol ytetranet hyl ene ether_ glycol acetic acid ester (PT were determ ned
wi th GPAN gahigerHant it EhremebRaphyye %I%%lé?%%]e%c bR appar at us:
GPC 8220 produced by Tosoh Corporation Colum: TSK-CGEL ﬂéio cg X 2 units
Det ect i GHLERhdehe Farkrihdf ¢ r&F R SOPBHRIOHBLY ng R CTHE® Frow rate: 1

m/mn %ﬂggggofﬁiﬂé]éﬁiﬂénkﬁg ég%g&§gt5£gdla reaction liguid is

continuously taken out (continuous system). The continuous
system is preferable from the viewpoint of the productivity.
[0293]

The usage of the catalyst is determined on the basis of
the type thereof, and is not specifically limited. Fox
example, in the batch type reactor, if the amount of
catalyst is too small, the polymerization rate is reduced.
conversely, if the amount is too large, removal of a
polymerization heat becomes difficult. Furthermore, since
the slurry concentration of the reaction system increases,
agitation becomes difficult, and a problem tends to occur in
separation of the catalyst and the reaction liquid after the
completion of the polymerization reaction. Therefore, the
usage of the catalyst is usually selected within the range
of 0.001 to 50 times on a weight basis relative to the
liquid phase, preferably the range of 0.0l to 20 times on a
weight basis in consideration of the reaction form being the
batch reaction or the flow reaction. For the flow reaction,
the usage of the catalyst refers to the amount of the
catalyst relative to the amount of supply of the liquid
phase per unit time.

[0294]



Sanmpl e concentration: adjusted in such a way that the concentration of a
- pol yet her becones about 0.1 percent by weight - 131 - 03 001 [ Conparative
exanple 3-1] <Preparation of solid acid catal yst> Preparation of 12.1 ni
of honogeneous sol ution was conducted by dissolving 2.84 g of

Zr Q(NQB) 2. 2H20 and 0.957 g of urea into desalted water. The resulting

i npregnation solution was blended with 10.0 g of silica carrier (produced
by Fuji Silysia Chemical Ltd., CARAMT B0, particle dianeter 75 to 500
pm average particle dianmeter 200 m ore volunme 1.21 m /g, average pore
di aneter 30 nm at room tenperature,léguri npregnati on was conducted by
standing for 1 hour while m xi ng was conducted by shaki ng sonetines. The
i npregnated carrier was put in a 100-m Erlenneyer flask, a lid was put,

and this was gyt did R tSnifiraAturkl 06 fu%ruaqla}rmﬂcs-t&ficﬂff*@ lappe of 6

hours, the |lid of the flask was renoved, and ying was conducted in the

as-is stptdifeddbiherods ies #°d10C for 16 hours. This was further dried at
140C for 4 hours "and wad stood for cooling. The resulting product was

added to a saihé iredctidbnMpirelzstre hagf RIMBY Yheddad o gantent of 20

percent by weight in terms of ammonia) was dissolved in 72 ml of desalted
wat er, athd eActPeaitEe @t agitad i e eonuct Brpd . ghdwairat

Thereafter, filtration was conducted, suspension washi ng was
that pressure. Usually, the pressure is selected within the
range of normal pressure to 10 MPa, and preferably normal
pressure to 5 MPa.

The reaction time is not specifically limited. However,
in consideration of both the reaction time and the amount of
catalyst and in consideration of the yield and the economic
efficiency, preferably, the reaction time is within the
range of 0.1 to 20 hours, and preferably within the range of
0.5 to 15 hours. In the batch system, the reaction time
refers to a period from the point in time when the
temperature is raised to the reaction temperature until the
reaction is finished and the cooling is started. In the
continuous system, the reaction time refers to a residence
time of a reaction composition liquid in the reactor.

[0295]

The molecular weight distribution of the resulting
polyether is depending on the type of the raw material
compound. However, in the case where a ring-~opening
polymerization reaction of tetrahydrofuran (THF) is
conducted, a polyether having a number average molecular

weight (Mn) of 200 to 80,000 and, in particular, a low to



conducted three times with 84 m of desalted water. After drying at 120C
firing was conducted at 900C while the air 132 was passed so as to prepare
a catalyst. [0301] <Polynerization reaction> In a nitrogen atnosphere,
133.5 g of THE and 6.85 g of acetic anhydride were put in a 500-nmnil
four-neck flask and were mxed with agitation. In a nitrogen atnosphere,
4.68 g of the above-described catal yst was wei ghed and added to the
resulting m xed solution with agitation. Thereafter, a reaction was
conducted at 40C for 5 hours. The red9o6n |iquid was analyzed with GPC so
as to neasure the degree of conversion of THF, the nunber average

nol ecul ar wei ght (Wvn) of PTME, and the nol ecular weight distribution

M/ M) . lt. the d i % 3, 002, d
PV S R e e R e T R L s e
ddi ti | d as i ' - t that
rpr con TGOt Ut O HEETRP Ear b By T e vk B BA G bl & NOG) 2. 2420,
0.464 g of , ;4 | ¥at t
9 Eio"zl_i%r#@%ﬁ%‘g#g%)ean gg%;sﬂov}(}f?oib@ﬁlé% SReigRt Oadeeal bedivat 84nS0 as to

pr oduce solution. The polynerization reaction was

Condlct s Gy ey SATRBICO LY Gl B gnOrealakaRt £k & el
polyether exhibiting Mw/Mn of 1.3 to 2.5 industrialiy. A
polyether exhibiting Mw/Mn of less than 3, for example, 1.1
to 3.0, can be obtained by using the solid acid catalyst
according to the present invention. In particular, when a
preferable condition of the present invention is selected, a
polyether having a very narrow molecular weight distribution
Mw/Mn of about 1.3 to 2.0 can also be obtained.

[0296]

The relationship between the amount of addition of
additive element relative to the solid acid catalyst and the
average molecular weight of the resulting polyether of the
catalyst to be used cannot be univocally specified.
Polyethers having various average molecular weights are
obtained depending on the type of the additive element. 1In
geheral, in the case where the same additive element is
added to the same solid acid catalyst, a polyether having a
larger average molecular weight tends to be obtained as the
amount of addition of additive element increases.

[0297]
The polyethers produced according to the present

invention can be used for applications to elastic fibers,



2,664, and MV VMh was 1.84. - 133 - [0303] [Exanple 3-2] A solid acid

catal yst containing an additive elenent was prepared as in Conparative
exanple 3-1 except that an inpregnation solution was prepared by

di ssolving 2.86 g of ZrQ(NG3)2.2H20, 0.432 g of Fe(NO03)3-9H20, and 1.108 g
of urea into desalted water so as to produce 12.1 m of honpgeneous
solution. The polynerization reaction was conducted in the sane nmanner by
using the resulting catalyst. As a result, the degree of conversion was
36% M was 3,241, and MWV WMh was 1.82. [0304] [Exanple 3-3] A solid acid
catal yst containing an additive el €er 0 Was prepared as in Conparative
exanpl e 3-1 except that an inpregnation solution was prepared by
dissolving 2.86 g of Zro(N03)2.2H20, 0.311 g of N (NO3)2.6H20, and 1.06 g

of urea tHarmlesal i€ hobfesten ebadvomsnscehd2ndphbsoic honbgeneous
solution. The polynerization reaction was conducted in the sane manner by

usi ng t e Ivaatddliaige ceElad mierds codebnd tmatdei abgf eendf ttonVEkSi on was
34% WNMh was 4,137, and MW Mh was 1.83. [0305] [Exanple 3-4] A solid acid
cat al yst[Examgias rgndaircautita tvieve | examntles ]

[0298]

The fourth aspect will be further specifically
described below with reference to examples and comparative
examples. However the following examples do not 1limit the
scope of the fourth aspect. |
[0299]

In the following description, the degree of conversion
of tetrahydrofuran (TH¥), and the number average molecular
weight (Mn) and the molecular weight distribution (Mw/Mn) of
polytetramethylene ether glycol acetic acid ester (PTME)
were determined with GPC (gel permeation chromatography)
described below.

GPC apparatus: GPC 8220 produced by Tosch Corporation

Column: TSK-GEL H (30 cm) x 2 units

Detection method: RI

Column temperature: 40°C

Moving bed: THF

Flow rate: 1 ml/min

Amount of injection of sample: 500 pl

Sample concentration: adjusted in such a way that the

concentration of a polyether becomes about 0.1 percent by

weight



- 134 was prepared as in Conparative exanple 3-1 except that an

i npregnation solution was prepared by dissolving 2.86 g of Zro(N03) 2. 2H20,
0.258 g of Cu(N03)2.3H20, and 1.059 g of urea into desalted water so as to
produce 12.1 m of honobgeneous solution. The polynerization reaction was
conducted in the same manner by using the resulting catalyst. As a result,
the degree of conversion was 30% M was 4,059, and MV Vh was 1. 76.

[ Conpar ati ve exanple 3-2] <Preparation of solid acid catal yst> After 88.01
g of zirconium oxynitrate aqueous soljgtiien (18.46 percent by weight in
terms of Zr2) produced by Shin N ppon Metal & Chem cal Co., Ltd., was

bl ended with 22.35 g of desalted water, m xing was conducted
honogeneously. The resulting m xture was bl ended with 11.89 g of urea and
m xi ng Vds %hduct ed honpgeneously so as to prepare an inpregnation

solution. The resultin %_ut 2ﬂkmas blended wth 80 g of silica carrier
(prodUCJEQQPQQﬁ§1W§I%%%@P ?}ia Ltd., CARi ACT QL5, particle diameter 75

to 500 tan1 aver.age rtlcl dla Jgtam pore volume 1.16 ni/g,
average éﬁﬁﬁ%fﬁg a%% %%ﬁé} 7 on was conduct ed by

por & vol L'er? RERE AR na‘%&,&é”‘één L‘?Efe%%“%? e e e

[0306] fdRicted by dissolving 2.84 g of ZrO(NO3)z 2H20 and 0.957 g
of urea into desalted water. The resulting impregnation
solution was blended with 10.0 g of silica carrier (produced
by Fuji Silysia Chemical Ltd., CARIiAMIT 030, particle
diameter 75 to 500 um, average particle diameter 200 pm,
pore volume 1.21 ml/g, average pore diameter 30 nm) at room
temperature, and impregnation was conducted by standing for
1 hour while mixing was conducted by shaking sometimes. The
impregnated carrier was put in a 100-ml Erlenmeyer flask, a
1id was put, and this was treated in a drier at 110°C for 6
hours. After a lapse of 6 hours, the lid of the flask was
removed, and drying was conducted in the as-is status in the
drier at 110°C for 16 hours. This was further dried at
140°C for 4 hours and wad stood for cooling. The resulting
product was added to a solution, in which 7.2 g of ammonium
bicarbonate (content of 20 percent by weight in terms of
ammonia) was dissolved in 72 ml of desalted water, at room
temperature and agitation was conducted for 1 hour.
Thereafter, filtration was conducted, suspension washing was

conducted three times with 84 ml of desalted water. After

drying at 120°C, firing was conducted at 900°C while the air



This was put into a 500-nl pear-shaped flask, and a joint and a curved
tube filled with glass wool were connected to the upper portion of the
flask. Thereafter, the flask was fixed with a clanp to a rotating shaft of
a rotary drier. The rotating shaft was rotated at a speed of 10 rpm the
tenperature of the drier was set at 105C, and heating was conducted for 2
hours. After the curved tube filled with glass wool at the upper portion
was renoved, the tenperature of the drier was set at 120C, and heating was
conducted for 16 hours. After the joint at the upper portion was renoved,
the tenperature of the drier was set k2 140C, and heati ng was conduct ed
for 4 hours. The heating and rotation were termnated after a | apse of 4
hours, and the catal yst was taken out. The catalyst was transferred to a

500-ml ReakeiasHh sdOk fe5 wRahArE 4 acde9Iydenperature. After about 300
m of desalted water was added,” suspension ~washing for about 10 m nutes

was repgaiapt f hree times. The catalyst was air-dried and dried with a
drier at 120C for a night. Subsequently, firing was conducted at 900C
whi l e tdre13infeniams tians atkaatt jam>t 0 produce a catal yst. [0307]

<Pol yneri zation reacti on> The pol ynerization reacti on was conducted as in
Conpar ati ve @xarphdtIofehy admosphare ,sd3ixd g efcarm yaid 6 WMH ch ofas
obt ai ned as descri bed above, as a catalyst. As a - 136 result, the degree
of convecstdr wshyBthdevivesss pytl 13 a0 0-m1 four-neck flask and
were mixed with agitation. In a nitrogen atmosphere, 4.68 g
of the above-described catalyst was weighed and added to the
resulting mixed solution with agitation. Thereafter, a
reaction was conducted at 40°C for 5 hours. The reaction
liquid was analyzed with GPC so as to measure the degree of
conversion of THF, the number average molecular weight (Mn)
of PTME, and the molecular weight distribution {(Mw/Mn). As
a result, the degree of conversion was 32%, Mn was 3,002,
and Mw/Mn was 1.84.
[0302}
[Example 3-1]
A solid acid catalyst containing an additive element
was prepared as in Comparative example 3-1 except that an
impregnation solution was prepared by dissolving 2.86 g of
ZrO(NO3)3+2H20, 0.464 g of Ce(NO3)3-6H20, and 1.108 g of urea
into desalted water so as to produce 12.1 ml of homogeneous
solution. The polymerization reaction was conducted in the
same manner by using the resulting catalyst.

As a result, the degree of conversion was 28%, Mn was

2,664, and Mw/Mn was 1.84.



Mv Mh was 1.75. [0308] [Exanple 3-5] A solid acid catal yst containing an
additive elenment was prepared as in Conparative exanple 3-2 except that
77.52 g of zirconium oxynitrate aqueous solution (18.46 percent by weight
in ternms of Zr2) produced by Shin N ppon Metal & Chemcal Co., Ltd., was
bl ended wth 23.22 g of desalted water, m xing was conducted
honogeneously, 1.03 g of Ca(N®B)2.4H20 was added thereto, m xi nhg was
conducted honogeneously, 10.92 g of urea was further added thereto, and
m Xi ng was conduct ed honobgeneously sq3ss -to0 prepare an inpregnation
solution. The polynerization reaction was conducted in the sane manner by
using the.resulting catalyst. As a result, the degree of conversion was
46% M was 2,279, and MM Mh was 1.75. [0309] [Exanple 3-6] A solid acid
catalysﬂQﬁﬂﬁkunlng an additive el enent was prepared as in Conparative
exanple 3-2 except hat 77.69 g of zirconium oxynitrate aqueous sol ution
(18. 46 pERCIRLGy - %AEIght in terns of ZrCe) produced by Shin Ni ppon Metal &

Ch | Co. - bl d Wit i
conduct ed hoogErduErye saTaTgel Yontsith R, PERAOTR, SRR " 100, oo
mxing vas Cq:nedpuacrleedj ad'd rﬁog;%%%ﬁtylve“e%ﬁl@h Y e 955 fiidesn added

t her et o,
impregnation solution was prepared by dissolving 2.86 g of

ZrO(NO3)2 2H20, 0.432 g of Fe(NO3)3-9H20, and 1.108 g of urea
into desalted water so as to produce 12.1 ml of homogeneous
solution. The polymerization reaction was conducted in the
same manner by using the resulting catalyst.

As a result, the degree of conversion was 36%, Mn was
3,241, and Mw/Mn was 1.82.

[0304]
[Example 3-3]

A solid acid catalyst containing an additive element
was prepared as in Comparative example 3-1 except that an
impregnation solution was prepared by dissolving 2.86 g of
ZrO(NO3)2'2H20, 0.311 g of Ni(NO3)2-6H»0, and 1.06 g of urea
into desalted water so as to produce 12.1 ml of homogeneous
solution. The polymerization reaction was conducted in the
same manner by using the resulting catalyst.

As a result, the degree of conversion was 34%, Mn was
4,137, and Mw/Mn was 1.83.

[0305]
[Example 3-4]

A solid acid catalyst containing an additive element



and m xi ng was conducted honpogeneously so as to prepare an
solution. The polynerization reaction was conducted in the sane nmanner
using the resulting catalyst. As a result, the degree of conversion was
Mh was 2,687, and MV Vh was 1.76. [0310] [Exanple 3-7] A solid acid
was prepared as in Conparative

47%

catal yst containing an additive el enent

i npregnati on

by

exanpl e 3-2 except that 77.52 g of zirconiumoxynitrate aqueous sol ution

(18.46 percent by weight

in terms of Zr02) produced by Shin N ppon Mt al

&

Chem cal Co., Ltd., was blended with 23.22 g of desalted water, m xing was
conduct ed honogeneously, 1.05 g of = GA4N03) 2- 3H20 was added thereto, m xing

was. conduct ed
and m xi ng was conduct ed honogeneously so as to prepare an

| Yo rd 7 ati berﬁﬁ‘@s%ﬁ'%@am@)é‘dj&i ek &t hen S8y manner by

sol uti oRyagl
he degree of conversion was

using the resulting catalyst. As a result,

M #485rech H8on AL MM was dr ﬁaré&’%%]dié@ﬁﬁﬂh@ 3:84 foplid acid

catal yst containing an additive elenment

47%

was prepared as in

Conpar atg ne ex5p 26,8+, 2 0€268pYy b&atu?ﬁoéﬁz-gHgb,ZéﬁQODLUEDO?YBEtﬁ@éQ

aqueous solution (18.46 percent by weight in terns of ZrQ2

Shin N ppao Mdsedlted water so as to produce 12.1 ml of homogeneous

solution. The polymerization reaction was conducted in the
same manner by using the resulting catalyst.

As a result, the degree of conversion was 30%, Mn was
4,059, and Mw/Mn was 1.76.
[Comparative example 3-2]
<Preparation of solid acid catalysts>

After 88.01 g of zirconium oxynitrate aqueous solution
(18.46 percent by weight in terms of Zr0;) produced by Shin
Nippon Metal & Chemical Co., Ltd., was blended with 22.35 g
of desalted water, mixing was conducted homogeneously. The
resulting'mixture waé blended with 11.89 g of urea and
mixing was conducted homogeneously sc as to prepare an
impregnation solution. The resulting solution was blended
with 80 ¢g of silica carrier (produced by Fuji Silysia
Chemical Ltd., CARiACT @15, particle diameter 75 to 500 pm,
average particle diameter 200 pm, pore volume 1.16 ml/g,
average pore diameter 15 nm), and impregnation was conducted
by pore-filling (the amount of impregnation solution was
100% of the carrier pore volume) while mixing was conducted
by shaking for about 1 hour.

[0306]

honogeneously, 10.92 g of urea was further added thereto,
i npregnati on

produced by



Chem cal Co., Ltd., was blended with 20.95 g of desalted water, m xing was
conduct ed honogeneously, 0.35 g of Cu(N03)2-3H20 and 1.70 g of

Ni (NO3) 2. 6H20 was added thereto, m xing was conducted honbgeneously, 11.13
g of urea was further added thereto, and m xi ng was conduct ed
honbgeneously so as to prepare an inpregnation solution. The polynerization
reacti on was conducted in the sanme manner by using the resulting catalyst.
As a result, the degree of conversion was 46% M was 2,667, and MV Mh was
1.74. [0312] [Conparative exanpl e 3-13]5 A pol yneri zation reaction was
conducted as in. Conparative exanple 3-1 except that a catalyst prepared by
firing 20 g of Tonsil OptinmunFF, which was a clay (activated clay)

catal yst produced by Sued .Chem_e,. at 400C for .1 hour ile t air was
_paSSﬁd was uépg‘&sa?aﬁhé’ugafé}itfsta. 5‘PﬁJe'm éﬂ%ﬁlﬂ?d&nﬂr&gsg{c’t ia§r#1\eﬁas conduct ed
in the sane manner_ b usj t he resul ti o S esult, the
degree[&o%%\ﬁé}fi%rg%eda%&bw e é“lz‘g"/ ia%%ymﬁéﬁméz.m. [0313] -
139 - [Example 3: Af.ter_ Q. . Cu( S 46 Med into 10 ¢
of desaqcfrggec\e/\%‘/a%de?%o G #&DOR/\%E Egcbolgé u%e%pﬁ%%%gﬁ%é%\gl 3}% ubsequently, 20 g

of Tongéhél¥fégﬂﬂaés\¥E§§h\%¥%ﬁiéﬂéwhmp to a rotating shaft of a
rotary drier. The rotating shaft was rotated at a speed of
10 rpm, the temperature of the drier was set at 105°C, and
heating was conducted for 2 hours. After the curved tube
filled with glass wool at the upper portion was removed, the
temperature of the drier was set at 120°C, and heating was
conducted for 16 hours. After the joint at the upper
portion was removed, the temperature of the drier was set at
140°¢, and heating was conducted for 4 hours. The heating
and rotation were terminated after a lapse of 4 hours, and
the catalyst was taken out. The catalyst was transferred to
a 500-m]l beaker and stood for cooling to room temperature.
After about 300 ml of desalted water was added, suspension
washing for about 10 minutes was repeated three times. The
catalyst was air-dried and dried with a drier at 120°C for a
night. Subsequently, firing was conducted at 900°C while
the air was passed so as to produce a catalyst.

[0307]
<Polymerization reaction=>

The polymerization reaction was conducted as in
Comparative example 3-1 by using the solid acid catalyst,

which was obtained as described above, as a catalyst. As a



catal yst produced by Sued Chem e, was inpregnated with the resulting

sol ution, and standing was conducted for 1 hour. Thereafter, a solid acid

catal yst containing an additive elenent was prepared by conducting firing

at 400C for 1 hour while the air was passed as in Conparative exanple 3-3.

The pol ynerization reacti on was conducted in the same manner by using the
resulting catalyst. As a result, the degree of conversion was 42% WM was

4,002, and MM Mh was 2.00. [0314] [Exanple 3-10] After 0.78 g of

N|(h03)2 6H20 was di ssolved into 10 g of desalted water, m xing was
conduct ed honmogeneously. Subsequent|13620 g of Tonsil OptinmunFF, which was
a clay catalyst produced by Sued Chem e, was inpregnated with the

resul ting solution, and standing was conducted for 1 hour. Thereafter, a

solid ackékept al s & %f‘gcé’s@véﬁgiéhV@as eJ; SE N R8s P SPRE S0aky
conducting flrlng at 400C for 1 hour while the air was passed’as in

Conpar atiwyaexsd®l 2. 75 3. The pol ymerization reaction was conducted in the
same manner by using the resulting catalyst. - 140 As a result, the
degree ofgoxmmyersion was 39% M was 4,380, and Mv Mh was 2.01. [0315]
The results of the above-descri bed exanples and conparative exanples are
shown i n Ehadmsbe 34550 3-3

A solid acid catalyst containing an additive element
was prepared as in Comparative example 3-2 except that 77.52
g of zirconium oxynitrate aqueous solution (18.46 percent by
weight in terms of Z7Zr0;) produced by Shin Nippon Metal &
Chemical Co., Ltd., was blended with 23.22 g of desalted
water, mixing was conducted homogeneously, 1.03 g of
Ca(NO3)2-4H20 was added thereto, mixing was conducted
homogeneously, 10.92 g of urea was further added thereto,
and mixing was conducted homogeneously so as to prepare an
impregnation solution. The polymerization reaction was
conducted in the same manner by using the .resulting catalyst.

As a result, the degree of conversion was 46%, Mn was
2,279, and Mw/Mn was 1.75.
[0309]
[Example 3-6]

A solid acid catalyst containing an additive element
was prepared as in Comparative example 3-2 except that 77.69
g of zirconium oxynitrate aqueous solution (18.46 percent by
weight in terms of Zr0;) produced by Shin Nippon Metal &
Chemical Co., Ltd., was blended with 20.31 g of desalted

water, mixing was conducted homogeneously, 2.12 g of



collectively. [0316] [Table 3-1] Catalyst conposition Percentage of
support Degree of Solid acid Additive relative to SiQ2 carrier conversion
M MM Mn  catalyst elenent (nmol % (% (oxide) Conparative - Zr-6 32 3002
1. 83 exanple3-1 Exanpl e3-1 Ce203 Zr/ Ce=6/0.6 28 2664 1.84 Exanple3-2
Zr2/ S' 02 Fe2O3 Zr/ Fe=6/0.6 36 3241 1.82 Exanple3-3 NNO Zr/Ni =6/0.6 34
4137 1.83 Exanple3-4 CuO Zr/Cu=6/0.6 30 4059 1.76 [0317] [Table 3-2]
Cat al yst conposition Percentage of support Degree of Solid acid Additive
relative to S 02 carrier conversion MBMu M catalyst element (mol% (%
(oxide) Conparative - Zr-8 43 2116 1.75 exanpl e3-2 Exanpl e3-5 CaO
'é;lca78/0.3 46 2279 1.75 Exanple3-6 ZrO2/S 02 NiO Zr/Ni=8/0.5 47 2687 1.76
7r ?g / aﬁl\t_%(/@]s?)/zg _r6/11c2h@6 %%G%d%%iz %%:ser]ét%%, m%.xxai gI %%1_58 c%unqul\clzlt%d

homogeneously, 11.81 g of urea was further added thereto,
and mixing was conducted homogeneously so as to prepare an
impregnation solution. The polymerization reaction was
conducted in the same manner by using the resulting catalyst.
As a result, the degree of conversion was 47%, Mn was
2,687, and Mw/Mn was 1.76.
[0310]
[Example 3-7]
A solid acid catalyst containing an additive element
was prepared as in Comparative example 3-2 except that 77.52
g of zirconium oxynitrate aqueous solution (18.46 percent by
weight in terms of Zr0Oz) produced by Shin Nippon Metal &
Chemical Co., Ltd., was blended with 23.22 g of desalted
water, mixing was conducted homogeneously, 1.05 g of
Cu(NO3)2-3H20 was added thereto, mixing was conducted
homogeneously, 10.92 g of urea was further added thereto,
and mixing was conducted homogeneously so as Lo prepare an
impregnation solution. The polymerization reaction was
conducted in the same manner by using the resulting catalyst.
As a result, the degree of conversion was 47%, Mn was
2,983, and Mw/Mn was 1.74.
[0311]
[Example 3-8]

A solid acid catalyst containing an additive element



- 141 - [0318] [Table 3-3] Catal yst conposition Percentage of support
Degree of Solid acid Additive relative to clay conversion M My Mh

catal yst el enent (percent by weight) (% (oxide) Conparative - - 42 3497
2.01 exanple3 3 clay nsil) CuO CuC=0.6 42 4002 2.00 Exanple3-9 (To
Exanple3 10 NO N O=1.0 39 4380 2.01 [0319] As is clear from conparisons
bet ween Conparative exanple 3-1 and Exanples 3-1 to 3-4, when the solid
acid catalyst is allowed to contain the additive elenment of the groups 3,
5, 8, 10, and 11 in the periodic table, nmerely the average nol ecul ar

wei ght can be changed at the sanme -cdntf tion w thout adversely affecting
the other performance. As is clear from conparisons between Conparative
exanple 3-2 and Exanples 3-5 to 3-8, the sane goes for the case where the

product 'm% ;g;ggéféw 2f trh%cﬁ’ﬁéﬁ%@ﬂé’ e sﬁié’% _3% 07 heg case

wher e at wo types of | elenments are added. urthernDre as is

cl ear f%P@fP%H&%dr&Qﬁ? PRIV Rt LARKEALS Vo RIATBY € 8 3 @nskediPlsg 3-9
and 3-10, the same
weight in terms of Zr0O3) produced by Shin Nippon Metal &
Chemical Co., Ltd., was blended with 20.95 g of desalted
water, mixing was conducted homogeneously, 0.35 g of
Cu(NO3)2:3H20 and 1.70 g of Ni(NO3)2*'6H0 was added thereto,
mixing was conducted homogenecusly, 11.13 g of urea was
further added thereto, and mixing was conducted
homogeneously so as to prepare an impregnation solution.
The polymerization reaction was conducted in the same manner
by using the resulting catalyst.

As a result, the degree of conversion was 46%, Mn was

2,667, and Mw/Mn was 1.74.
[0312]
{Comparative example 3-3]

A polymerization reaction was conducted as in
Comparative example 3-1 except that a catalyst prepared by
firing 20 g of Tonsil OptimumFF, which was a clay (activated
clay) catalyst produced by Sued Chemie, at 400°C for 1 hour
while the air was passed was used as the catalyst. The
polymerization reaction was conducted in the same manner by
using the resulting catalyst.

As a result, the degree of conversion was 42%, Mn was

3,497, and Mw/Mn was 2.01.

[0313]



goes for the case where the netal elenent is added to the solid acid

catal yst afterward. [0320] 142 The present invention has been described in
detail with reference to specific forns. However, it is apparent to those
skilled in the art that various nodifications could be made w thout
departing fromthe spirit or scope of the invention. The present invention
contains subject matters related to Japanese Patent Application (Japanese
Pat ent Application No. 2005-258055) filed on Septenber 6, 2005 and
Japanese Patent Application (JapanesgdPatent Application No. 2005- 258056)
filed on Septenber 6, 2005, the entire contents of which are incorporated
herein by reference. -143- CLAIMS [1l] A solid acid catalyst for producing
a polyether, characterized in that the anmount of surface hydroxyl group is
0.1 to ZFxampleiB-¢hd t he anount of acid exhibiting pKa of -5.6 or less is
20 nol /g or nore. [2] A process for production of a_polyether

char act eri ze@EteF Qofr s Ofg CRHAOs) @p 3520 HBF e 8L AGLESAad™8t &0 41 °€orpound
2”50l | d demal i M S PESD 15 HEBE Cbl FRIBREI L n & sol (d acid
CatalyS%J%@Q&E%&Jf;F@RP%;é¥ Tonsil Optimum¥F, which was a clay

catalyst produced by Sued Chemie, was impregnated with the

resulting solution, and standing was conducted for 1 hour.

Thereafter, a solid acid catalyst containing an additive

element was prepared by conducting firing at 400°C for 1

hour while the air was passed as in Comparative example 3-3.

The polymerization reaction was conducted in the same manner

by using the resulting catalyst.

As a result, the degree of conversion was 42%, Mn was
4,002, and Mw/Mn was 2.00.

[0314]
[Example 3-10]

After 0.78 g of Ni(NO3)2-6H20 was dissolved into 10 g of
desalted water, mixing was conducted homogeneously.
Subsequently, 20 g of Tonsil OptimumF¥, which was a clay
catalyst produced by Sued Chemie, was impregnated with the
resulting solution, and standing was conducted for 1 hour.
Thereafter, a solid acid catalyst containing anradditive
element was prepared by conducting firing at 400°C for 1
hour while the air was passed as in Comparative example 3-3.

The polymerization reaction was conducted in the same manner

by using the resulting catalyst.



surface hydroxyl group of 0.1 to 2.5 pnol/nR2 and the anobunt of acid
exhibiting pKa of -5.6 or less of 20 nol/g or nore is used as the solid
acid catalyst. [3] The process for production of a polyether according to
Claim 1, characterized in that the solid acid catalyst conprises at |east
one type selected fromthe group consisting of conposite netal oxide
catal ysts, netal oxide catalysts, and clay catalysts. [4] The process for
production of a polyether according to Caim2, characterized-in that the
solid acid catalyst conprises at |east one type of netal elenent selected
from the group consisting of the gToh%pZT the group 3, the group 4, the
group 5, the group 8, the group 10, the group 11, the group 13, and the
group 14 in the periodic table. -144- [5] The process for production of a
pol yet her acegy di ngedud tG aiHe Ueddhed agt efd@askd foit hads 3oy cline wider is
subjected to a ring-opening polynerization reaction so as to produce a
pol yet het,3¢®] dm® mwaaeswad o . P pducti on of a pol yether according to
Claimb5, characterized in that a cyclic ether is subjected to a

ri ng- ope@ 3t pol ynmeri zation reaction in the presence of a carboxylic
anhydride and/or a carboxylic acid so as to produce a polyether. [7] The
process for @Fihedustsiudrisofofa sl atdwer-desmorihed) extanpOless mm] characteri zed
in that the solid acid catalyst is produced by conducting a honogeneous
preci pi teARpAT #Etr®dEyanples are shown in Tables 3-1 to 3-3

collectively.
[0316]
[Table 3-1]
Catalyst composition
— Percentage of support| Degree of
Solid acid :Ii‘::‘t;\:: relative(to ?;ﬁ))z carrier con(v;r)sion Mn | Mw/Mn
mol% o
catalyst (oxide)
Comparative _
example3~1 Zr=6 32 3002 1.83
Example3-1 Ce,04 Zr/Ce=6/0.6 28 2664 1.84
Example3—2 |Zr0,/Si0p{ Fe,05 Zv/Fe=6/0.6 36 3241 1.82
Example3-3 NiQ Zr/Ni=6/0.6 34 4137 1.83
Example3-4 : . CuD Zr/Cu=6/0.6 30 4059 1.76
[0317]
[Table 3-2]
Catalyst composition
— Percentage of support| Degree of
Solid acid ’:ﬁe‘:::\:t% relative (to ?;?)2 catrier con(v;r)sion Mn | Mw/Mn
mol7o (1]
catalyst (oxide)
Comparative - 7r=8 3 | 2116 | 1.7
example3—2 = 75
Example3-5 Ca0 Zr/Ca=8/0.3 46 2279 1.75
Example3—6 [Zr02/Si0z  NiO Zr/Ni=8/0.5 47 2687 | 1.76
Example3-7 CuO Zr/Cu=8/03 47 2983 1.74
Example3-8 CuQ/Ni0C | Zr/Cu/Ni=8/0.1/0.4 46 2667 1.74




carrier

por es.
- 141 -
[0318]
[Table 3-3]
Catalyst composition
— Percentage of support| Degree of
Solid acid Additive relative to clay conversion| Mn |Mw/Mn
catalyst element .| (percent by weight) (%)
(oxide)
Comparative _ _ 42 2497 201
exampled—3
. clay _
Example3-9 (Tonsil) CuQ Cu0=0.6 42 4002 | 2.00
" |Example3—i0 NiO NiG=1.0 39 4380 2.01
[0319]

As is clear from comparisons between Comparative
example 3-1 and Examples 3-1 to 3-4, when the solid acid
catalyst is allowed to contain the additive element of the
groups 3, 5, 8, 10, and 11 in the periodic table, merely the
average molecular weight can be changed at the same
condition without adversely affecting the other performance.

As is clear from comparisons between Comparative
example 3-2 and Examples 3-5 to 3-8, the same goes for the
case where the production condition of the solid acid
catalyst is changed and the case where at least two types of
metal elements are added.

Furthermore, as is clear from comparisons between
Comparative example 3-3 and Examples 3-9 and 3-10, the same
goes for the case where the metal element is added to the
solid acid catalyst afterward.

[0320]
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The present invention has been described in detail with
reference to specific forms. However, it is apparent to
those skilled in the art that various modifications could be
made without departing from the spirit or scope of the
invention.

The present invention contains subject matters related
to Japanese Patent Application (Japanese Patent Application
No. 2005-258055) filed on September 6, 2005 and Japanese
Patent Application (Japanese Patent Application No. 2005-
258056) filed on September 6, 2005, the entire contents of

which are incorporated herein by reference.
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CLAIMS

13 A solid acid catalyst for producing a polyether,

characterized in that the amount of surface hydroxyl group
is 0.1 to 2.5 ;.tmol/m2 and the amount of acid exhibiting pKa

of -5.6 or less is 20 umol/g or more.

[2] A process for production of a polyether, characterized
by comprising the step of subjecting a raw material compound
to a polymerization reaction or a condensation reaction in
the presence of a solid acid catalyst so as to produce a
polyether,

wherein a solid acid catalyst having the amount of
surface hydroxyl group of 0.1 to 2.5 pmol/m? and the amount

of acid exhibiting pKa of -5.6 or less of 20 pmol/g or more
is used as the solid acid catalyst.

[3] The process for production of a polyether according to
Claim 1, characterized in that the solid acid catalyst
comprises at least one type selected from the group
consisting of composite metal oxide catalysts, metal oxide
catalysts, and clay catalysts.

[4] The process for production of a polyether according to
Claim 2, characterized in that the sclid acid catalyst
comprises at least one type of metal element selected from
the group consisting of the group 2, the group 3, the group
4, the group 5, the group 8, the group 10, the group 11, the

group 13, and the group 14 in the periodic table.
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[5] The process for production of a polyether according to
Claim 2, characterized in that a cyclic ether is subjected
to a ring-opening polymerization reaction so as to produce a
polyether.

[6] The process for production of a polyether according
to Claim 5, characterized in that a cyclic ether is
subjected to a ring-opening polymerization reaction in the
presence of a carboxylic anhydride and/or a carboxylic acid
s0 as to produce a polyether.

[7] The process for production of a polyether according
to Claim 2, characterized in that the solid acid catalyst is
produced by conducting a homogeneous precipitation method in

carrier pores.



