-1 DESCRI PTI ON  PROCESS FOR PRODUCTI ON OF
POLYETHER AND PROCESS FOR PRODUCTI ON OF SOLID ACI D
CATALYST Technical Field [0001] The present
invention relates to a process for production of
pol yet her. The present invention also re

solid acid catalyst and a process for pro wmmmuwmmﬂmun
solid acid catal yst. Background Art
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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 ié 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]

Typical examples of known polyethers include
polyethylene glycol, poly(l,2-propane diol), 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]
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2 - [Background of first and second aspects] The
viscosity of the polyether is relatively high. In the
case where polyurethane 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 |l ow viscosity (Il ow
nol ecul ar wei ght distribution (nolecular weight
distribution = meight-ave[agf_ nmol ecul ar wei ght
(Mn) / nunber - aver age nol ecul wei ght (M))) has been
desired. In the case where the polyether is produced
industrially, it is believed that the nol ecul ar
[Bawkgihtumd st ibutstoramd sdwondesadpaairs pol yet her i s
influenced significantly by a polynerization catal yst
t 0 The WegosAd va ofmdthee pdyeddugrsé s trigd apavkdiymangs - of In
the polynerization catalyst also exerts an influence
thgrragr W dfyursmansion the thiderisy vt tde ofonagaiced
pol yet her. [0005] Patent Docunents 1 and 2 discl ose
by Jp7iRE aldh ¥ ot & y&a's  mater ighl c il insttel oo @ deadriang is
supported by oxide carriers, e.qg., zeolite or silica,
reqilred alysthe et IR PIF et Promrt ofesrirpe.

ol yet her. Patent. Docunent 1: Japanese Unexam ned
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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 i1s 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 1: Japanese Unexamined Patent Application
Publication No. 9-241374
Patent Document 2: Japanese Unexamined Patent Application
Publication No. 2000-327770

[0006]
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According to the studies of the inventors of the
present invention, in the case where the pol yether was
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,
regardi ng the known catal ysts, the performance of the
catal yst deteriorated signifjcantly as the reaction
was continued, and deterioration of the activity and
deterioration of the nolecular weight distribution of
the resulting polyether over tine were significant.
Corfsepiahiryy  ta the gt ughimnto foft heatiaiviestt omss ofr édpgi r ed
for producing the pol yether stably, and only
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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]

It 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]



support a netal salt or the like, the netal salt on
the <carrier is hydrolyzed with an alkali or the like
so as to becone a netal hydroxide, and the netal
hydroxide is converted to a netal oxide by heating
and firing, has been wused previously as a nethod for
preparing a solid acid Q 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 4oroduction of polyethers
through a ring-opening polynerization reaction of
tetrahydrofuran (THF) and other circul ar ethers

( Patrerfene@aunent nekhodRegar éhaght Be cpredest iieNadflowed to
pol yethers by using this solid acid catalyst, it is
supgest i ed netalordalt hat dHe Iridat ite mprtecleedsl tatora tdhiegh
degree of conversion, but also that the polyether has
camriexw A8 doatdly Aaddmitie an evipailnt oof thee lilendld g afo
the produced pol yether. Consequently, it is desired
becanerapduegs la Ipalnestiver, Rend ridhea medralove ywbicecideari s
- wei ght distribution, that is, a small ratio (Mwv M) of
convrr tegkitghta avadralgeoisledayt dreatdinghtandMé)i nimg,hdias been
nunber - aver age nol ecul ar wei ght (M1). Patent Docunent

usegl pregyaifasel sk aritrdd Phtfat QﬁﬂﬂaﬁﬂﬁQ(ﬂwsqiﬂﬁlaﬁﬂﬁ on
No. 2003-113238 Patent. Docunment 4: Japanese Unexam ned

catgpht Mphich ipmeFal mibidedts saRer Rsh Ay G g rier
PJtent 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 Document 4).
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



According to the studies of the inventors of the
present invention, it was difficult to allow a carrier
to support a nmetal hydroxide and/or a netal oxide in
the state of fine dispersion by the nethod disclosed
in Patent Q Docunent 3. Even if a solid acid catal yst
is prepared by this nethod, the anobunt of acid-base
thereof may be small and the distribution of acid
strength may becone wide. T reason therefor is
bel i eved as described below.” I'n the case where the
carrier is allowed to support the netal salt or the
i ke and hydrolysis is conducted with the al kali
Pulsi hcatidheNal kad04+k6K8ppl i ed from the outside of the
carrier, the anmount of supply of alkali is varied
[0@&PpeENding on the position in the inside of the
carrier and, thereby, the rate of hydrolysis is
varAerbrdimagddi ttihen, stwidde st lod redtealinviepdogs @ the
precipitates, the nmetal salt or the like is noved due
prepenhelporrerer atiorvag i ehtculthato ial lowgareh rigigthe o
nmetal hydroxjde in the inside of the carrjer, high-
SURRPERNE rBttdh PEtEeeiie At -t dirient ratidm ortheomtate
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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 aggregation of metal
hydroxide occurs in the low-concentration portion. As a

result, the metal hydroxide is supported nonuniformly in the



[0011] For exanple, in the ring-opening

pol yneri zation reaction of tetrahydrofuran, it is

al so believed that the Q above-descri bed w de

di stribution of acid strength of the solid acid

cat al yst beconmes 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 distribution of the pntended polyether. [0012]

[ Background of fourth aspeét% Pat ent Docunents 1 and 2

di scl ose solid acid catalysts, in which netal oxides

are supported by oxide carriers, e.g., zeolite and
cagiriieca, aasl tlheisaballystetiothetuskd honthéfopmbtiyicieésads to

of polyethers, e.g., polytetranethylene ether glycol,
thehwadghdtisé ribngiopentngcpdl gheengahi endothdHEedundtion in

the like. [0013] The average nol ecul ar wei ghts
theegmorad of eRédthase.produced pol yethers are

different depending on uses thereof. Therefore, it is
[0Péddired that pol yethers having various average

nmol ecul ar wej ghts are produced from a pol yet her

havi?f &X3TR4fe Je%n*p%%m%fowenlq@mmfm%wﬁetlon

r ducti%n of pol yethers, nmethods in which the
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abggggg?gkgﬁngﬁggéﬁgdggg??é&%%é%’o%hgcgggggseggth 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.g.,
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 required 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 polyether

having a single composition.



| i ke are changed, have been previously adopted as the
nmet hods for controlling the average nol ecul ar wei ghts
of the resulting polyethers. Patent Docunent 1:
Japanese Unexam ned Patent Application Publication
No. 9-241374 Patent Docunent 2: Japanese Unexam ned
Pat ent Application Publication No. 2000-327770 [0015]
In the case where the average nol ecul ar wei ght of the
resulting polyethers are cha?ged by the reaction
condition, for exanple, he case where an increase
of the average nolecular weight is intended, a
pol yet her having a | arge average nol ecul ar wei ght can
[0D®4 Dbt ai ned by lowering the reaction tenperature.
However, the reaction activity is reduced by |owering
t helr edot iporpduesrpiermatal guolaret Helres, preddhuests Jirt whiish the
reduced. Alternatively, a polyether having a l|arge
reageiagecrpiitivns e ghtaraed bet bt al medudyhdédwern nghich
the degree of conversion.. However, the productivity
thﬁasra@%lom cHR/ERAIT 2 FUEDI sthasteI TR af ereree nl @ouland the
ght of the resulting polyether can also be
llk%c?é%s%}aawe?edhu%mgb%% REMCEPHS BY | IfCRECAR S the
|a termn .g., acetic anhydride, to be
me*ﬁg% %%V\%%'frofillf%%h%a%%e%%g%\é??le ‘hjea’ﬁr“b%{ﬂ:*it}%(i@ the
educed d to a reduction of the initial reaction
re?%%é?n?o%ﬂ%Xe hVersely, a polyether having a smal

Pa YKL 38cument 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 tﬁe case where an increase of the average
molecular weight is intended, a polyether having a large
average molecular weight can be obtained 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



oy,

nmol ecul ar wei ght can be produced by raising the

reaction O tenperature. However, in this case, the

nol ecul ar weight distribution increases

(deteriorates), the viscosity of the polyether

i ncreases, and coloring occurs easily. Alternatively,

the average nol ecul ar weight of the resulting

pol yet her can be reduced by increasing the

concentration of the initiator-termnnator, e.g.,

acetic anhydride, to be usell.” However, in this case,

t he amount of acetic anhydride remaining in the

reaction solution increases and, thereby, a
ingt sadyart agRi REEHr s &Ngt heacéol t oxhingd SERa) atd Ofe SIS .

[0017] Under the above-described circunstances, a
HopeweesSifiothi €004 s®l 4 Nngelhe averpoed ndt it Ari svetghiced

of the resulting polyether at a desired val ue w thout
duadversetydatt ot i of) the iwibesl pesdotimmnceste. g., the

reaction activity, characteristics of the polyether,
[0@hd] treat nent operations, has been required.

Di scl osure of Invention [0018] 9 - [Disclosure of

fi rGmneanbslacornd mspesdths]r |havingar cljaddt eofenaws fir st

and the second aspects to provide a process capable
mopechbaticVagdhhecanoomt PoPdeatdl H¥t ratehg ridee apgpction

produci ng a pol yether having a narrow nol ecul ar )
CeipeHRELEE st HPRIOh dtN FHigrafsyr éboMAGardrd gigight

.stably  for, the Iong tgrnwby using a catal yst, the
dl%%F%%?hﬁﬂ%el%@rease (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.

[0017]

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]



the catal yst being prevented fromdeteriorating 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 conmpound 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 cathf%f‘having t he anount 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
[DireElgsorenof efisstsand sscéhe sopéctari d catal yst.
According to the first aspect, a solid acid catal yst
havithgig hen arplattt off sardf atier iy dmok yhegrsmgpraf aapkdts to
2.5 nol/n2 and the anmount of acid exhibiting pKa of
progideod presssofcarinbe /gf oredeng stlat sampunyi dedcasalyst
this solid acid catalyst. [0020] - 10 A process for
regpbyndt fbA PTOAUPHNY et ool vethedi myviny a heaseewrgolecular
asgect,is characterized by including the step of
weight edi FhELRUE B nat e | Bl Il HDOTRRI 25 OHTR TN Z3EFohY
reacti on or a condensation reaction in the presence of
for thY| fANAct AR ALYl YIINE P a2 DL Y bdulclee PPl Yetange of
wherein a solid acid catal yst having surface hydroxyl
the GARRLYST APHARGETEROTR At oM SH ShL OF YaHiE QUmpouiTEe
ina@géoérgguction 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 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 umol/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.

According to the first aspect, a 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 pumol/g or more is also provided as this solid
acid catalyst.

[0020]
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I norgani ¢ conpound, which can react or interact wth
the surface hydroxyl groups and which is other than
the polyether, and is used in the pol ynerization
reaction or the condensation reaction. [0021]
[Di sclosure of third aspect] It is an object of the
third aspect to provide a process for production of a
‘solid acid catal yst having a |arge anount of
aci d-base and a narrow acid_strength distribution by
allowing a carrier to supﬁo?ﬁ a netal hydroxide and a
nmetal oxide in an extrenely honbgeneous, fine
di spersion state. [0022] A process for production of
a Wlprbarasd feat alrysiuctdion wii @h pa Liyetale rhpdicoxiddag to
and/or a netal oxide is supported by a carrier,
thacsecdia@swetthel s tharaspectized phamactwtirrpd ey step of
including the step of allow ng the netal hydroxide
sulahel¢bing therawetmd t oxiale conprumligpora e liymgyorzst igfn
the carrier by - 11 conducting a honpgeneous
reaeetPPi PAtd cPORRITIRIL I N tPRAGHKT et axreqoEEslef a
iL]sprsure of fourth aspect] It is an object of the
SOrpr 3P AsPREIL YD ptOVITe A PRI & Rl ydrot ivdiesin a
a, polyether, the process being capable of easily.
SOJe%‘g i FENFIC TR IV P t e G dgE T 76T e AH AP S g ht

[ a desired
al]?cf)wécrl]etcg ecsgrluéallgg v?iotl_}yegrtleorrégnic 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 procduction 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
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val ue without adversely affecting the other
performance, e.g., the reaction activity,
characteristics of the polyether, and treatnent
operations, in a process for production of a
pol yet her by subjecting a cyclic ether to
ri ng-openi ng polynerization in the presence of a
catalyst. [0024] A process for production of a
- pol yether according to the ﬁourth aspect is
characterized by |nclud|ng 9 e step of subjecting a
cyclic ether to ring-opening polynerization in the
presence of a catalyst, wherein a catalyst, in which a
cosdhrcdingi d bahayyseéocsnpaenipgtatideasetiond iiypehefcarrier
el ement selected fromthe group consisting of the
pogeeups 1, 2, 4, 6, 8, 9, 12, 13, 14, 15, 16, and 17
in the periodic table and being capable of subjecting
[0Bg3itself a cyclic ether to ring-opening
pol ymeri zation is allowed to contain at |east one
[Digpeosnraephl fenehngéspeettontained in the solid acid
catal yst .and selected fromthe group consisting of the
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vamﬁgr9§¥h095038§e¥@§l§r§ff§gtfﬁ&htﬁe 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 polyether 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



speci fic organi c conpound and/ or inorgani c conpound,
the performance of the catal yst was able to be
prevented from deteriorating over tinme, and when the
solid acid catalyst treated with the organic conpound
and/ or the inorganic conmpound was used, the usage of
the catal yst for producing a polyether was reduced
and the nol ecul ar weight distribution ., j of the
pol yet her was able to be Qai%oged. Consequently, the
present invention has been npl eted. [0026] That is,
nmet hods for reducing the anmount of surface hydroxyl
group of the solid acid catal yst having surface
growyds oXy| 5 gr bipsamdicl Liden at et b ddi asvhi adbil ¢ hei sohsed as
acid catalyst is fired at high tenperatures. In this
theasetaihet. surface area and the amount of acid of the
solid acid catalyst are al so reduced and, therefore,
Detailedi Pea¢ripeidor mance of the catal yst deteriorates
significantly. On 13 the other hand, in the case
[OQﬁg}e the treatment with the organic conpound and/ or
the inorgani c conmpound is conducted according to the
[Desesthtiomveht RSt it dl SeePRA ARRAREDF  surface
hydr.oxyl group c reduced w t hout adverse|y

b
af f et | qw@%%‘%a@%m% iy etd o ConAGtE bt
. the . solid aci talyst. As It | yet her,
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ca?g?ﬁétaﬂgyf%gcgu§fgé@Q§ydroxyl 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 witH 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 initiai

performance of the catalyst deteriorates significantly. On



hydroxyl group and a | arge anmount 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 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 catalyst haV|ng t he amount of surface
hydroxyl group of 0.1 to~-218 mol/n2 and the amount of
acid exhibiting pKa of -5.6 or less of 20 pnol/g or
nore is used as the solid acid catalyst. [0028] The

th&e6PRdragpeg! of the Eé@éeﬁﬁet@Vﬁmé'@Beé@ﬁéﬁ@swi@hathe
process for productlon of a polyether, characterized

or§¥niknebrgdbigdt Bed 26 EPLRE SHELEEH 1 AIcompRUhdaBL & t@hducted
compound to - 14 a polynerization reaction or a

aceondengat o othé¢ epcé sOnt | Intdet i e pSeEcel Pf tlee SahdEhaco £l
catal yst so as to produce a polyether, wherein a

susbhcd hpddoxwnl ajystp hawmn nge suefaced hidioxyl| agvenpsly s
all owed to contact with an organic conpound and/or an

affeot jani cheospoinde ahéghagdntheazmoent ohtacddto the
the surface hydroxyl groups and which is other than

solhd polgechbrlyand A wakFwlht t e QydivatdYE tavomyg a
reaction or_the condensation reaction. [0029]

naRegur @PhgCEher fVesghhndisheikebbol aapeee sorefieced|qly 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 pmol/m2 and the amount of acid exhibiting pKa of -5.6
or less of 20 pumol/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



o

acid catalyst may be at | east one type selected from
the group consisting of conposite netal oxide
catal ysts, nmetal oxide catalysts, and clay catal ysts.
[0030] Regarding the first and the second aspects,
the solid acid catalyst nmay contain at |east one type
of nmetal elenent selected fromthe group consisting
of the group 2, the group 3, the group 4, the group
5, the group 8, the group_lg, the group 11, the group
13, and the group 14 in the éeriodic table. [0031]
Regardi ng the second aspect, the organic conpound may
be at | east one type selected fromthe group
a pohgmsringtddn ateohods, osid ytatdemysageo sreadidion in the
carbonates. [0032] 15 Regarding the first and the
preeeonnd aSpactslipratedabiyalysat cyelas b herodsce a
subjected to a ring-opening polynerization reaction
pospeabereo pheodate a poliedtaeid ¢atphyst chhwingisurgace
preferable that a ciclic ether is subjected to a ring
hy@dpenyhgIperpaet fzal { ovcd cbet FORCR AL t Wetr 2 epe@anic g
carboxylic anhydride and/or a carboxylic acid so as to
CO@P@HU@eaﬁdﬁ%Fy%?hé?@r?@@%%]Com%@%Qﬁih@h%%% 31 skeqdE Or
. _the second asgects, the solid cid catq%% t nq¥ be
inheoatEetib) £ ﬁdﬁ%%?ﬁ@eahlﬁ%%’é% eBERUPHr LT pri bt ohS other
thggtggg ﬁgl§g££égf ggéefé 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 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 compound may

be at least one type selected from the group consisting of

alcohols, silylating agents, and carbonates.

[0032]



[0034] According to the first and the second aspects,
a treatnent for allowng the solid acid catal yst
havi ng surface hydroxyl groups to contact with an
or gani ¢ conpound and/ or an inorgani c conpound, which
can react or interact wth the surface hydroxyl
groups and which is other than the resulting
pol yether, is conducted and, thereafter, the reaction
i's conducted. Consequently, a polyether having a
narrow nol ecul ar wei ght dirstPi bution can be produced
stably, and the anmount of catalyst to be used can be
reduced. That is, in the production of the polyether,
si neggieiiald o | o stofadda erdiomneas fcdd)e preferably,
catal yst (catalyst activity) over tinme is prevented,
a thelusagehef catalyfécped thid AMMEHEpOEinPobyelerization
can be reduced. Furthernore, since deterioration 16
reattibe sol esutarpnedgbe aipssérydtiieon arepdrtieularal 3@ is
prevented, a high-quality polyether having excellent
prpfepepteeshae. g.cyhkdt eesestancaybipantd?d fpo cduciedy-
[0035] In the case where a pol yurethane or the like is
opéntidiepol proviuzetidy uvsiaylemelpotlyetieesendd ot s
been produced Q according to the first or second
caa@gézflgn@lnh\hdéhdeha%n@/ plara ove Hpdectd aragid gin as to
distribution, as a raw material, the anount of a
Profrgent PeyUSFReTfor adjusting the viscosity to nake
éhg reacti on possible can be reduced, and an
[0Q8 bntageous ef fect can be expected fromthe viewoint
f

° RéJ§}é¥§g éﬂgjgf¥%é”ggﬁugﬂéﬂgééond 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 inorganic 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



[0036] The enbodi nents according to the first and the
second aspects wll be described belowin detail.
However, the follow ng description of constituent
features is an exanple (typical exanple) of execution
forms 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_c?%aLyst] The solid acid
catalyst to be used in the firrst and the second
aspects will be described. The solid acid catalyst to
be used in the first and the 17 second aspects is a
of sbhé dnatédutat avysghhadi sigr i et Bomurte oftimerfacelso
hydroxyl group of 0.1 to 2.5 nol/n2 and the amount of
pracédteshi dihigy-pikal ofy -Bobyethéessaoing®epmol Ientor
nore. The above-described solid acid catal yst having
preperhl ¢sandudit » oftestrfegks tyrikoxyfayriormpraeduced ar ge
anount of acid can be produced by, for exanple,
[0@BPbwing a solid acid ~ ~ catal yst havi ng surface
hydr oxyl groups to contact with a i. J specific

or ghi ' SATSU M SR 20 P Nagdhiad & GFp ddisd . 1 1 eodsgfurther
olid acid catal yst havi surfac droxyl groups
Pr4fEcss| PY GaTen cHal PRIV RERE . WUt T At Py Gy AR
acggfgi‘r?gfééséhé"”gﬁé‘? SECONd AsPegt S fefers Lo solid
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



catal yst in which hydroxyl groups (-OH groups) are
present on a surface of a netal and/or a carrier
(including inner surfaces of carrier pores). [0039]
More specific exanples of solid acid catal yst having
surface hydroxyl groups include zeolite and the like
having crystal structures of MFI, X Y, and the liKke;
netal oxides, e.g., silica, alumna, titania, and
zirconia; conposite netal oxides, e.g.,
silica-titania, silica-aldnida; silica- zirconia, and
alumna-titania, in which a plurality of netal oxides
are conbi ned; support type acid catalysts in which
se€ONPoOLOSctE. ¥s, assbiudi schgi datheyet opot yegi the atbunt of
Nafi on, having an acidic property or netal oxides
sudfatereptirdéxpin §Boupgasfi @rs & e2 shipmasl hdrettad amount
oxi des or activated carbon serving as carriers; clay
of aadidhexhiketieggpKal afereds silleas eof add johal/@nmk more.
the |ike supporting conpounds having an acidic
Therapeveydeserdbsd oplihdtatidxtaesly$004dfingvbstsedll
all, in the cases where conposite netal oxides and
am@@p‘po@f sypbagei dydrearysgsoap eanded, 13Ty camunieonf agcid
silica-alumina, zirconia supported by silica, and
can| pfi RECIYEPPOPY edf DY SFRTRLE ardl har i a$<|>1yld acid
referable, In the case where clay and the

bYStI%§%+%@ %PFF%%?ehy%¥%xybs%ﬁou®%u%?|9°“§%&ﬁ|Wﬁ§% a
tite, and the |like are. nmentioned., Anon

Sp%ﬁbg%?t%rg??l?scﬁ?%?%?%b?%dfﬁﬁtln%ﬁ%?%b?|??é%ﬁ?%91s
[olsef- Preferably, clay and the like are

{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



used as activated clay washed with an acid. It is
particularly preferable that activated clay which is
nmontnorillonite washed with an acid is used. [0041]
These solid acid catal ysts may be used al one or a

m xture of at |least two types may be used. [0042]
Known technol ogi es can be used as the process for
production of the above-described solid acid catal yst
having surface hydroxyl groups, and the process is
not specifically limted™ $Becifically, the
production can be conducted by production processes
descri bed in Japanese Unexan ned Patent - 19

caPPpbisabteONsHupbi€ad i 9P MNota P-34ldd4, od apanePLred carbon
Unexam ned Patent Application Publication No.

se2000g324 7¢8rraddst heldy kend {10O4Bikd N Pagl) Cldpdxed t
is preferable that the solid acid catalyst to be used
siatcetdi ngndociée dmdsthandikdessgeontin@aspanpsunds chaving
solid acid catalyst in which a honbgeneous
anpaetdpct atoparnet hoetabs comducd el | ox jpdees of a
carrier and, thereby, a netal hydroxide and/or a
[0@€PAl oxide in a honbgeneous, fine dispersion-state
is supported in pores of the carrier. An exanple of
pr déesls dloralgr.oductlingn afses sdlang amomposddteampital oxides
havi ng surface hydroxyl groups on the basis of the
anfofBPePEbUSYP? e%@p@t%%%%%‘f e Wit 3 ¢4 bes Heked T hgconia,

. bel ow. $0044] , , o .
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



The honbgeneous precipitation nethod i s conducted by,
for exanple, inpregnating a carrier with a netal salt
and a precipitant precursor, which generates a
preci pitant through a chem cal reaction, e.qg.,
hydrolysis, in a solution, at the sane tine, and
subjecting the inpregnated carrier to a treatnent,
e.g., a heat treatnent, for generating the
precipitant fromthe precipitant precursor. For the
homogeneous preci pitati on"mePhdd, it is inportant that
the netal salt and the precipitant precursor
constitute a liquid phase, that is, a solution.
AppDec&t 068, PUBBLCRE {bRING S 9+ DPT FDHAt BEhbaMdde &hexamined
1 npregnation solution including the 20 netal salt and
patbet pRepl ptaandbnprebllsat iandyNot hepeafB8er770f hend the like.
treatment for generating the precipitant fromthe
[Opaeti pitant precursor is conducted. [0045] (1)
Carrier The carrier is not specifically Iimted.
Hovilev evg rinietwllar 0 idxiide refmmadslia ehadt dlheoyiodds), acid
zeolite and the like, and clay and the |ike are
capakyet abbebe Sisedaacadudima, teitleonfhrst tandnilke second
silica-alumna, silica-zirconia, and silica-titania
aspeetapie prepbrdbieldsratahyshl bk Walchiml RORRINILET e
particularly preferable. [0046]  The particle ,
prefapbieFionheehbrd HF afRRerctefhdln eHRT L Vol tmF T and,
the carrier are different dependi ng on uses and
th%ﬁﬁwcaﬂIaﬁt%r%da?X%ﬁ% SBE1 OF ot TeTat ¥t Hhd

cannot be , , . . .
homogeneous, fine dispersion .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



uni vocal ly specified. [0047] These carriers may be
used alone or at least two types may be used in
conmbi nation. [0048] (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 limted. It is usually a hydroxide
and/or an oxide of a netal elenment of groups 2 to 14
in the periodic table, 21 Breferably a hydroxi de
and/or an oxide of at |eaSt<“8ne type of netal el enent
sel ected fromthe group consisting of the group 2,
the group 3, the group 4, the group 5, the group 8,
methe gabupadd, thdeppsolpi ddnt tee giospr ldhd anchddheafter,
group 14 in the periodic table, nore preferably a
thaydreatdenanfidorganeraking tie girechsitane fygpe tdie
netal el enent selected fromO the group consisting of
pra@cipZrantf préburgdr o, ciidqu@aedFe, and Si, and
articularly preferably a hydroxi de and/or an oxide
[0545ht | east one type of netal elenent selected from
the group consisting of Ti, Zr, A, Cu, N, and Nb.
(1] 0Banfier3) Metal salt The nmetal salt to be used in
t he_honbgeneous precipitation nmethod is a netal salt,
f r oTRSMTEH tSe idbha\rd: shesdrfiised Ivetldimiedy-oxHaweupg/ opretal
the netal oxjde to be supported by the resulting
oxdfFd SOTROSHESIPREAT OGERT mtakpIIte and the 1ike, 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,
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and therefore, is usually a salt of the
above-described netal elenent of groups 2 to 14 in
the periodic table, preferably a netal el enent
sel ected fromthe group consisting of the groups 2,
3, 4, 5 8, 10, 11, 13, and 14, nore preferably Ti,
Zr, H, No, A, Si, Cu, Ni, Ca, or Fe, and
particularly preferably Ti, Zr, A, Nb, Cu, or N.
[ 0050] The type of the salt _is not specifically
linited. However, a nitraté} an acetate, a sul fate,
an oxynitrate, a 22 chloride, or an oxychloride is
preferable, and an oxynitrate, an oxychloride, or a
prefitftabeyi s npdeopt @t esad)er 4005di1de Thitat Sledstt dhe type
metal salt, a nitrate, an acetate, a sulfate, an
of orghalratenent che becded OHromntloxyghdg i cenofs@ingredflthe
of the groups 2 to 14 in the periodic table is
grpuef2r abhe, gamdp z3 5 comé ugroxy nd £ riate, gzdéug oni urhe group 8,
oxychloride, zirconiumsulfate, titaniumchloride,
thel gndwRind Sul e egrowr hl obfluen oxguhl b?i dend stiergateyp 14
. preferable. [0052] These netal salts may be used
inathbherofiedif eaadple nogno¥g peseheyably B divdppxide and/or an
conbi nation. [0053 (4) Precipitant precursor The

Oxpi@cPhi %%n%eﬁ{'ec%rel%ow%d%ﬁ gBe's b T REI St dnfrom
en€ranOOSLYet Bag e LR SR T, L,
angrgfjpéﬁgnéérgighlarly 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
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precipitant reacts with a netal salt in the

i npregnation solution so as to cause precipitation of

a metal hydroxide. Anpbng precipitant precursors, a

preci pitant precursor which generates a base as a

precipitant, that is, the precipitant precursor which

generates a base through hydrolysis or other chem ca

reaction in the inpregnation solution and increases

the pH of the solution so_ag to precipitate a netal

salt as a hydroxide or an Qiae, is referred to as a

"base 23 - precursor”. [0054] The precipitant

precursor for conducting the honbgeneous precipitation
chietrhde, i stnaeh spgchioecatlbyiki preddrabbeyewar, annoxynitrate,

general, the base precursor is used. [0055] For the
anbazsechpiecidsoror i esyl Lyemur $ cnace dorafdyible.

substituted urea, thiourea, alkyl-substituted
(0@hlburea, am de conpounds conposed of amines and

carboxylic acids, and the like are used. Preferably,

ur edhateyighuriar gdiadmedfd =8 1yl s upstiatse@rursstate, a

used. It is particularly referable to use urea and
sutfahtr i 0 ¥ FroRtehe? & #r OF IMOBERRlFide of a

anilgbilit and the cost.,K These base recursors may
mehal |QedtBf oWEC' IS at Feast RotRS Rt betakked § n

cgnbig tion. [005§£ ., (5) Basjc substance Not only ﬁfe g
Prohoba des ct i het bade! PF ety Rbr fabin 4t soPtum oxychloridey
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
solution 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, is referred to as a "base



predet erm ned anount of basic substance may be added
to the inpregnation solution in advance in order to
increase the pH w 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.
[0057] - 24 The basic substance is not specifically
limted. Exanples thereof 'EcLude hydr oxi des,
carbonat es, bicarbonates, phosphates, and acetates of
alkali nmetals, alkaline earth netals, and ammoni um
ammoni a; and organi ¢ am nes. Ammoni a; organi ¢ am nes;
prandrsarbonat es, bicarbonates, and phosphates of
amoni um are preferable, and ammoni um carbonates and
[0@bfbni um bi carbonates are nore preferable. [0058]
These basi c substances nay be used al one or at | east
t WOt 8y preee iy T3 ty e U seantfiatatdomeluqtd@mothe( 6)
| mpregnation solution Usually, the inpregnation
hoRUER ¢ ORS | BL PF EPAF 2EL DY m%F%@@IW?nQOFhépelelcally limited.
above-described pnetal salt, the precipjtant _precursor
HowRgery f 1medeReLy, e BART P et S M at er .
[Oﬁgg 0] The concentrations of the nmetal salt and the
i pitant precursor in the inpregnation solution are

nOtFor 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.
[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]



specifically limted, insofar as the dissolution state
is maintained and the concentration is suitable for
realizing a favorable anount 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 weight.
The - 25 precipitant precursor is 0.1 to 10 tines the
theoretical anount sufficiéfit for precipitating the
entire netal salt, preferably 0.2 to 8 tines, and
particul arly preferably 0.3 to 5 tines, as descri bed
| atBfe YWl ]subdtearhasiis sdistapes fisalsed limited.
appropriately in such a way that a required pH
Exgapletsi bhersodbimachede ApadtoxSdes) neerbdrieet g4
condition required for generating precipitation is
bidatbenehes depreospngteosn, tedt ypesattesl ¢healkali metals,
concentrations of the netal salt and the precipitant
albaktoeseartip metaked, andeambasiems utamce; | sndisexganic
an anmount required in accordance wth these
amipadi t ifaHRn{ap062]ganir aidereio adshdwdanades,
honobgeneous precipitation nethod in the carrier, it
bicarhepakear yanfaphasriabes @ﬁeamftlweurbfa%t@re%%@b%d and
the precipitant precursor are in a i qui d phase, that
ampgniymaraEhpPpe tof 30at AN HE b’r%?ké@‘?%‘f?%na’é%llm*‘r”%n
fore a treatnment, in which the precipitant
pr%?@ﬁﬁ?%ﬁr is converted to a precipitant, is
[OQSQ?UCted' Subst ances ot her than the above-descri bed

These basic substances may be used alone 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 weight, and

particularly preferably 0.5 to 30 percent bylweight. The



| east one type of netal salt and the precipitant
precursor may be present in any state in the
i npregnation solution. [0063] (7) Honpbgeneous
preci pitati on nethod <Method for inpregnating carrier
with inpregnation solution> - 26 The nethod for
i npregnating the carrier with the above- descri bed
i mpregnation solution is not specifically |imnmted.
However, it is preferable thgt a pore-filling nethod
Is conducted in order_to‘a? ow the carrier to
uni formy support the netal salt. In this case, it is
preferable that the volunme of the inpregnation
pré@lpit ot prddunddehid he. Cadd 180 timed ScHamutegnadwical
Is 60%to 120% of the carrier pore volune, V.~
amburit heu f pi ef @tabf yr 106 ¢ DY n@anthgarit iomd ardtyal salt,
preferably 80%to 105% If the anpunt of liquid is
predHersviay Q.2 hieo 8 npiregmatanh ot tuidwie doy note ey ol 0. 3
enter carrier pores, and nonuniformty results.
to Gonvensel yas idesdreiedultes. too large, the
i npregnation solution adheres to the outer surface of
[OQQEJcarrier, and nonuniformity also results. [00641
Any amount can be sel ected as the anmpbunt of netal salt
t o B AFFHIST P FPRNIFe ISaSest APREORGH atfgedRattiieh. @ way
However, the ampunt is usually 0.01 to 50 perqentsg¥ce
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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>



precursor is specified to be within the range of 0.1
to 10 in terns of nole ratio, where the theoretica
anmount sufficient for precipitating the entire netal
salt supported by the carrier is assunmed to be 1,
preferably within the range of 0.2 to 8, and further
preferably within the range 27 - of 0.3 to 5. [0065]
<Met hod for generating and after-treating

preci pitation> A treatnent26e-~g., heating, for
converting the precipitant precursor to a precipitant
is conducted while the netal salt and the precipitant

precursor, ich are supparted.by the .carrier through
ok Eb R A e R
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for converting the base precursor to a base. [0067]

vo Asmélesert e di igbevdnat ol $ierud Lore NSt dHi-h the carrier

honogeneous precipitation nethod in the carrier
is piiEsegndted, reguoectto thais adr | eastconei dypeof vEtade,

salt and the precipitant precursor are in the state
fuofther soteffieably A% itso BLOS quardd 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-ﬁuter
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



phase, before the treatnent, in which the precipitant
precursor is converted to the precipitant, is
conducted. However, substances other than the
above-descri bed at |east one type of netal salt and
the precipitant precursor may be - 28 - in any state.
[0068] In the case where the base precursor is
converted to the base through hydrol ysis reaction
effected by heating, a heatyng tenperature wthin the
range of 50C to 300C is wusually adopted, and
preferably the range of 60C to 200C is adopted. The
heati ng tenperature can al so be changed over tine. If
of the3 Hemting tenperature is too low, a 'reaction of
eneration of the precipitant fromthe precipitant
[Oék%hursor may not occur or a very long tinme may be
taken. If the heating tenperature is too high, in sone

Meldwst fehgamEatenattdyd rddhdd sedri ey SIS id atdy Be
renmoved before the reactign of generation of the
pr écitFieeREN trr 6mIthe EASANGIt AR FPBYGESdRY She
orbbTohot ARSLTL Lo condic 8 geod Sleble s e
end IS o A S 0 I8, VPSR Ot o
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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 liquid
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
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i npregnation solution may be conducted in the state in
which the support carrier does not nove as in a
fi xed-bed heating apparatus. However, particularly in
the case where a |arge 29 anount of catalyst is
prepared, it is nore preferable that a fluidized-bed
apparatus, a rotary heating apparatus, and the I|ike
are used wherein the support carrier is fluidized. In
t he case where vaporization of water occurs during
heating, it is believed tha when the support carrier
is fluidized, the anount of vaporization of water
does not vary on a particle of the support carrier
inbasi s;and, therefore, the honogeneity is further
lni%% oved [0070] If vaporization of water during
[Ogggfing is too fast, the entire water may be renoved
efore the hydrolysis of the base precursor is
conp| etrd and Jrhefedhe e PHAGRIADH i sTRBrRGE-thd to
supplied sufficiently. Therefore, usually, conplete
thé eppyal t19f o WG efi ydl Bo CesiidlCt etk tthash rebfoctad eheat way, a
that the water is renoved conpletely over 1 hour or
he&f®fRyg toneéesabty 3itiolt stios mige @hdb T tier300°C is
preferably 6 hours or nore after the heating is
ussaatyesdapded heapd epr pf¢vdh by tlyemerrage ort redcd itom 4@ °C
finished. [0071] |If necessary, the resulting catalyst
isigdopséed Wiheh hagdtiarg tempsdedlunse caquedye el ghiapged
an aci d aqueous solution, an organic solvent, or the
oveérkeimad ilf driedicatiinegr dsfraratiing dg it9®cerducted in

an atnosphere of an inert o
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 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



gas, e.g., nitrogen or argon, or an atnosphere of an
oxidizing gas, e.qg., air or a diluted oxygen gas, soO
that a 30 solid acid catal yst having a desired
performance can be obtained. The heating and firing
tenperature at this tinme is usually 100C to 1, 200C
preferably 300C to 1, 100C, and further preferably
500C to 1, 00C. The catalyst activity and the
stability of the resulting solid acid catalyst can be
i nproved by conducting thé aBove- descri bed heati ng
and firing. [0072] However, all the above-descri bed
steps are not always necessary insofar as a solid
am8Ghtl eatahysiybavifgpseriace, hydloxybrgrerpseddi€le that a
obtained finally. Therefore, the production steps
fltbeteefi-bee appaspecsfigatdyatynéeding [HOFBtatus, and the
Preferably, the anmount of the supported netal
likgdeoxi deedandéoeimetiad swpperofciheisnlisl Abuddized. In
catalyst relative to the carrier is 0.05 to 40
theecseat whyreevghoranatiom opavetenl agcuds 1depilP heating,
percent by weight. [0074] {Method for treatnent with
itoigahetievapobhat andeor theopgppeet eanpbehdis Theuidized,
organi ¢ conpound and/ or the inorganic conpound for
ther aBePRl PhevapPrizakien caf a¥§5er hdePhgnQurYage on a
g%droxyl groups, preferably the solid acid catal yst
paghiehehas E%nsuBB?ﬁFn%ﬂr5§e¥h%a%b%v%@ﬂesE??Eﬁﬁpre' the

~ honogeneou recipitation
homogegeity %spfurt er Emproved.

[0070]

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,
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



nmet hod and whi ch has surface hydroxyl groups, is a
conpound - 31 which reacts with the surface hydroxyl
groups of the solid acid catalyst and/or a conpound
whi ch exerts an interaction. Specific exanples

t hereof include al cohols, e.g., nmethanol and ethanol;
ethers, e.g., diethylether; esters, e.g., nethyl
acetate and ethyl acetate; acylating agents, e.qg.,
acetic acid, acetyl chloriLdgg and acetic anhydri de;
carbonates, e.g., dinethyl carbonate and di et hyl
carbonate; silylating agents e.qg., trinmethylsilyl

acetate, trimethylsilyl chloride
So%l%u?9}@|ﬁ%?%%Y%FI?@V%%$o§|%ﬁ§lr?é»&ﬁﬁ§?EW%ﬂ%ﬁIQﬁ&uR?
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agents are and car bonat es,

heStlXyathdori ApgHLs are nore preferable In partlcular,
nmet hanol, ethanol, nethyl acetate, ethyl acetate,

[o@yapt hyl carbonate, diethyl carbonate, trimethylsilyl
acetate, trinethylsilane, diethylnethylsilane, and
trimivatiest,| ang aree pwier-alsefinea Sthesvieweidtt adfays
the reactivity with the surface hydroxyl groups, ease

neodéssenpvahsofatindeast &l 0d gadd € corpbgsdhaainty ddreface
i ke. These organi ¢ conpounds and/ or inorganic
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



.

32 conpounds nmay be used alone or a mxture of at

| east two types may be used. [0075] The nethod for
treating the solid acid catalyst with the organic
conmpound and/ or the inorganic conpound i s not
specifically limted, and any one of a |iquid 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 |iquid phase and
the batch type, the treatmeht “of the solid acid
catalyst wth the organic conpound and/or the

i norgani ¢ conmpound can be conducted by putting the

whBeh i teact ¢l watial ysd havfge sufdmeney hygh@xd ofriupsolid
directly into the organi c conpound and/or the

acidosgiaanl gstc apdiond 4 arorigreurid edtimentesosrtintan ainteraction.
solution prepared by diluting the organic conpound

Spentf be ¢kenplewrigeet «o T arpountk w tdplaml § naetd ve methanol
sol vent and conducting a heat treatnent. [0077] In

and heshzask; ¢Byarsli g 4 he distigw bfthde gygaie €.9.,
conmpound and/ or the inorganic conpound, usually, the
@mggracqataﬁ@ and 19Ehy hreacaira t vs AC kRt A GRS 1 i9WT - /
iIs 0.1 tinmes or_nore relative to the volune of the

aceltal §aid, m@@r‘lab@}/lorlt% Wperatstie ahwitidys or
| ess, and the | ower is 0.2 times or nore, and

Ca?ﬁﬁ%ﬁ%ﬁ%fé?dbiy Q%%?RRXkHCQ?WﬁQaF%;%Pd digfhyl 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



times or less, and the lower |imt is 0.3 tinmes or
nore. If the usage of the organic conpound and/or the
i norganic conpound is too |large, the cost of the
organi ¢ conmpound and/or the inorganic conmpound
i ncreases, and the |l oad of renoving unreacted organic
conpounds 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 linmted, and~ d8ually, hydrocarbons are
used. Preferably, pentane, hexane, heptane, benzene,
tol uene, and xyl ene are used. These solvents may be
coMp8Gnal ongy Obe aust Xt M SndOf o Ata | BASt UtV £ Ve S] st Evo
used. The concentration after dilution is determ ned
tyPePr Qpyi Béehye@n the basis of the type of the organic
conmpound and/or the inorganic conpound. [0079] The
[obepperature of the heating is different depending on
the type of the organic conpound and/or the inorganic
c oozl t Hdsdiaf dry , t tdweet drapverhd isriliid scli@C oartaliygitemw,ith
and the upper limt is 200C or lower. In particular,
th@0Cryani¢50@npsupd edrd &bt et hdhindreganic ecomeonnd i he Bt
al so different depending on the type of the organic
speohpbdoadluntinttefe amdregani ene cofppuhtiuidvhase and a
to 20 hours is preferable, and 0.5 to 15 hours is
gapaphpeal apRyPpredephdiie. Fomsherdd auishihsse widy ©re of

organi ¢ conpound and/or the
a batch type and a flow type can be adopted.

[0076]

In the case of the liquid 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 inactive solvent and conducting a
heat treatment.

[0077]

In this case, regarding the usage of the organic
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



i norgani ¢ conpound may be conducted a plurality of
times in _order that the treatnent is conducted
sufficiently. [00801 In the case of the |iquid phase
and the flow type, the treatnent of the solid acid
catalyst with the organic O conpound and/or the
i norgani ¢ conpound can be conducted by passing
directly the organic conpound and/or the inorganic
conpound for the treatnment gg an organi ¢ conpound
and/ or an inorganic conpound prepared by diluting the
organi ¢ conpound and/or the inorganic conpound with a
solvent_through the solid acid catalyst having
tl@%ﬁ%elmf A3 rourend itbhdietd ny Heas iy more. If
%O one of a fixed bed and f fluidized bed can
they e 13REY OJ‘? nt%ef?%‘ixé‘%lﬁbacf%‘m%undﬂ@# dited s @ars ©
referable fro t he V|e oi nt of ease of uniform
cotREMGet BT° { HFEon /S (SO 0BT SOl oo it
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35 - [0083] e flowrate thereof is not specifically
rodv4 ted.

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. 1In 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.



However, SV of 0.1 to 100 h-1 is preferable, and SV of
0.5 to 50 h-1is particularly preferable. The
tenperature of the heating is different depending on
the type of the organic conpound and/or the inorganic
conmpound. Usually, the lower Iimt is 10C or higher,
and the upper Iimt is 300C or lower. In particular,
20C to 200C is preferable. The heat treatnment tine is
di fferent depending on the 3type of the organic
conmpound and/or the inorganic conpound. However, 0.1
to 20 hours are preferable, and 0.5 to 15 hours are
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[06@@fganic conmpound can be conducted by heating while
the organic conpound for the treatnent or an organic

compownt Hdditgd vl N i il 3Hklske 29@S £ 8% oRF 93BES the
conmpound being in the gasified state, is passed

tréddfugh dhec1soldsh agiLhi cadal ansfsthamitg iy f nic
~hydroxyl groups. [0085] 36 Any one of a fixed bed and

corpdhnd Hzeth bethe athdeyatsied cdrpdurfd W¥rapRAr@EHEctERE by
fluidized bed is preferable from the viewoint of
paeaiteg odired oy Mmie eadgmnic aforigrurehtaald/fir 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 be 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.



[0086] Usually, nitrogen, argon, carbon di oxi de gas,
helium and air are used as the inactive diluent gas.
Ni t rogen, carbon dioxide gas, and argon are
preferable. These diluent gases nay be used al one or
a mxture of at least two types may be used. [0087]
The concentration of the organic conpound gas in the
inactive gas is not specifically limted. Usually, the
concentration is 0.05 to 1085 percent by nole,
preferably 0.1 to 80 percent by nole, and
particularly preferably 0.1 to 50 percent by nole.
[0& 88] The tenperature of the heating is different
epending on the type of the organi c conmpound.
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i norgani ¢ conpound may be conducted a plurality of
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sufficiently.
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 particularly 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 compound
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]



[0089] If water is contained in the organic conmpound
and/ or the inorganic conpound and the solvent to be
used in the treatnent of the solid acid catal yst, the
catal yst performance rather deteriorates. Therefore,
it is preferable that the organi c conpound and/or the
i norgani c conpound and the solvent to be used in the
treatment of the solid acid catalyst are subjected to
a treatnment for renoving water to a high degree with
a dehydrating agent or the~ [ike in such a way that
the water content beconmes 10 percent by wei ght or
| ess, preferably 5 percent by weight or |ess, and
parAnycuwrer lof pr efierablbhe® grer cerfil iy iweidyitedorcan éss.used
[0090] However, in the case where the organic
incanpbondappalatust h&hiendrlgadizechipecuns rodienadde ifirom
the treatnment is not deconposed by water, the treated
theovigwpeidt caf atgse ehnubefofn rieckatiment enbeihe watafyst.
300C or higher before being used in a reaction, and
[09Be]l ambunt of surface hydroxyl group of the solid
acid catalyst can be kept at 2.5 nol/g or less after
fi rYsHAL ket GO IR practl Bin SR Ah & Axditds gas 3delium,
ontained.ﬂ%Q891; <Solid apidd%ftal st treated with
angr g4ki RTE oNPRUNYS ahld? ot 2 F b gt LB fd > Nt Hogen,
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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 B0 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_l is preferable, and SV of 30
to 4,000 h™' 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
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t he above-descri bed steps has the characteristics
described o below [0092] That is, it is believed
t hat since hydrophobic groups derived fromthe
-organi ¢ conpound and/or the inorganic conmpound are
bonded to the surface hydroxyl groups, the
hydr ophobicity of the catal yst surface is inproved, an
i nfluence of water which may adversely affect the
catalyst is reduced, and_the performance of the
catalyst is prevented fromdeteriorating over tine.
Furthernore, it is believed that since the reactive
surface hydroxyl groups have been already bonded to
PrehRr a4 ophobi ¢ groups, the pol yether, which is a
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of the performance of
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.
[0090]

However, in the case where the organic compound and/or
the inorganic compound to be used in the treatment is nqt
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 umol/g or less

after firing, there is no problem even when water is



O catalyst over tinme, that is, deterioration of the
catal yst activity over tine, and deterioration of the
nol ecul ar  weight distribution of the resulting
pol yet her over time are prevented as conpared with a
solid acid catalyst which is prepared by a known
technol ogy and which is not treated with the organic
conmpound and/ or the inorganic conpound. Therefore, a
pol yet her having a narroangbegular wei ght
di stribution can be produced at a small anount of
catalyst stably for the long term [0095] {Solid
acid catalyst to be used in reaction} The solid acid
copbaitngdt to be used in the pol ymerization reaction or
condensation reaction of the raw material conpound is
[0@3%blid acid catal yst having an amount of surface
hydroxy| group of 0.1 to 2.5 nol/n2 and an anount o
<S%J::/+‘EI xHT bF 2 F by PRat BTt e 67 orh | YFRAEC ZPHRAYY FGrd/or
. _hore. . If the ampunt of surface hydroxyl group of the
NP C acPBPREE AT yst exceeds 2.5 mol/m the pol yet her

ani th 4< l%eﬁef‘eg@%%[ﬁ%rwt %%‘ié'r%é aﬁ? i %gt%lfi%%i, Hhhioed by
s e _ PG, Featior
enfEaBBLALAE b e BUDUAL of 2Ll X B NG PG O

i
5. 0 acid ca % S €ss

peQyml /g, a sufficient polynerization activity cannot
e obtai ned. Consequently, a need for using a |large
[o@gpynt of catalyst arises in the

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 deteriorating 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
performance of the catalyst is prevented from deteriorating
over time.
[0093]

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



)

production of the polyether. A preferable anmunt of
surface hydroxyl group of the solid acid catalyst is
0.1to 2.0 nol/n2. A preferable anount of acid
exhibiting pKa of -5.6 or less is 40 nol/g or nore,
and further preferably 60 nol/g or nore. [0096] The
anount of surface hydroxyl group of the solid acid
catal yst and the anount of acid exhibiting pKa of -5.6
or |less can be neasured as descrlbed bel ow, for
exanpl e. [Anount of surfacé®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

1, passef abr4Oh&chHltrPosdNef Urémbeihg kéoyedt t@ashamd agents

for cooling and is taken off while being kept from

andihgaget BerasetPebrgt iassaf efir&dréocai o yidbsf g o€ the
bag. The sanple is put into an Erl enneyer flask pl aced
ambuntt b ghovecbagytnoadVagceup atan 20e ckept alt y2 t Bl wesie/ g
is added thereto. The Erlenneyer flask is set in a
ortlésati on experinent apparatus through which N2 is
passed at 80 cc/mn. - 41 In an Ar glove box, 5 cc of
[OePhér solution of 1.5-M nethyllithiumlLiBr conplex is
taken into a plastic syringe, the syringe is taken
outC%ﬁqfélQIHélmee%ﬁfé?ﬁﬂQﬂaﬁlsOfsehﬁ ddhe e anisiere ofnd
the ether solution is injected into the Erlenneyer
CaFPégﬁttﬁV%Hgﬁlﬁesebbﬁﬁ1l%{p@?@%rb%ﬁaW%O%o@fe%@%dcﬁ?ﬂ%NSt
a Tedlar bag for 10 m nutes, and the_nethane
achﬁéEht?&?FoElWérqﬁ%ﬂt???%ﬁlﬁf%El?E:Of the molecular

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 pmol/m2 and an
amount of acid exhibiting pKa of -5.6 or less of 20 pmol/g
Oor more.

If the amount of surface hydroxyl group of the solid

acid catalyst exceeds 2.5 umol/mz, the polyether having a



The purge gas flowrate is neasured with a precision
film flowreter. The anount of surface hydroxyl group
per weight of catalyst is calculated fromthe anmount
of generated nethane determ ned fromthe nethane
concentration and the purge gas flow rate. The
surface area per weight of the catalyst is neasured

wi th HM Model - 1201 produced by Muuntech Co., Ltd., by
a nitrogen adsorption BEFf dfie-~poi nt nmet hod, and the
anmount of surface hydroxyl group per catalyst surface
area is calculated therefrom [0097] [Anount of acid

naf%@&rbr%i?cgup \Qél%ﬁt 6dP§t1LJ.ez§l§1]. Jrli]e d}?{ﬁléyféttg?ygcgﬂfgct of

at 200C hours 1 n a vacuum ca

th%’feﬂt)9@§9nt n; fPen gl oye boxndp @e%{&ﬂ% at nosphere.

m ~of toluehe is added, setting in a W

e st e Ee NHm ARRATAL lé%l'(ﬁ_é%@ﬁ(ﬂii@ﬁﬁﬁ A& ¥t dic@Onesk of
m  of 0.2-percent-by-weight benzal acet ophenone (for

th@KaoBid5a&)dt O tenes 50l 31t 1 &8s | Shadlded. unddie/ @Mundu©ficient
acid 42 exhibiting pKa of -5.6 or less is calcul ated

polymarihet bomusndt i of t - dayd arbaeosht Dpped. utidnsequd¥tly, a
peak of benzal acet ophenone bonded to acid points is

neeld sAppeas kg by 1aisge garfioit notf /datod 1 yetbud iyl ©a8 nien ashea
titration reagent. [0098] [Process for production of

prpohyet terdf Thize ppokestshdéor producti on of a pol yet her
according to the second aspect, in which the solid
acii nratfdnatl e rgmtued of surface hydroxyl group of the

solid acid catalyst is 0.1 to 2.0 umol/mz. A preferable
amount of acid exhibiting pKa of -5.6 or less is 40 pumol/g
or more, and further pﬁeferably 60 umol/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.
[Amount of surface hydroxyl group]

After 0.7 g of sample is taken into 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 N; is passed at 80 cc/min.
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wi th the above-descri bed organic conpound and/or the

i norgani ¢ conpound 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 nol/n®

and the anmount of acid exhibiting pKa of -5.6 or |ess

of 20 nol/g or nmore is used as the catalyst for

pol yneri zation, will be des i bed below. [0099]

Al t hough not specifically” I ifed, it is preferable

that the processes for production of a polyether

according to the first and the second aspects are
Incanduet @tloby lBoxj n§-copehi eighgol yokut Zat icoh ¥eaati on

of cyclic ethers or a dehydration and condensati on
metkutliohiaoh poByotsmpRencessesken nintw ch glesteiycldyringe,

ethers are used as raw materials for the reaction,
thandyponget hersaker puobdutele byhsubpedi¢peinthers teealdk

ri ng-openi ng pol ynmerization reaction are nore
wiphefebapre. angonne] ethas sehuthen chselnirgeedolnte Hers

are produced by ring- opening polynerization reaction
Er penpoyer cf b2 mkrshredghpt esePbilcyclic ethers to be

used as the raw materials for the reaction |nclude

cyc iRVIENeFES i WR PR Adrier? diedd@thhrg for 10

constltutln the r is 3 to 10, Furthernore clic
nigthers FREI LAPnGeEPRYE §Paaﬁ§trﬁsﬂsaeﬁsgﬂaaaglfa%9|Wlth ac.

e as substituents can al so

Th%saagg%p%%mi%w§a56t3e% PRRS P Gr e o&etera%celsioen £ilm
| t
flgéﬁgﬁﬁyrte rahy ro Efgﬁs an§Q¥ H@H?%Q& ' Nper 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



are used. Any one of honobgeneous pol ynerization by
using nerely one type of cyclic ether and
copol yrmeri zation by using at |east two types of cyclic
ethers can be conducted. [01011 At | east one type of
the solid acid catalyst treated wth the organic
conpound and/ or the inorganic conpound or the solid
acid catal yst having an anount of surface hydroxyl
group of 0.1 to 2.5 nol/n2 &4dd-an anmount of acid
exhibiting pKa of -5.6 or less of 20 nol/g or nore,
as described above, 1is used as the catalyst. [0102]

I ¢ fiha- . | . , .

B LA it hey PN R R Tl G e

Ofcﬁilpﬁ’ﬁ(?’iétuﬁi th%gé q A of 2 warhoxylde acid fromthe

Vi ewpol nt o ecul ar wei ght” control. In general,

beRth PRALE SoREN S OB Ge & HOXY] d o@Nhyri des; anhir M by
carboxyli'c acids having 2 to 12 carbon atons are used,

us 8§ 0P efRs APl Yot hossuhpVimithe 49 B €od MOt G OFda RITE: .
used. These carboxylic anhydrides and/or carboxylic

[0@g8Ps may be used alone or at |east two types may be
used in conmbination. it is favorable that the
[Pracboxyioe @ndyrakt ten anfl/ sl diehechr boxylic acid is
added usually at within the range of 0.01 to 1.0
( miltee matda®s s dicat ipdur ttilve eyfcla eadtyedher] G@EABrding to
the polynerization reaction, a solvent inactive to
the heerendt dspecan b sohbeh usherl. sehi¢ererdl cattalysastreated
one
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 ;,Lmol/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]



type of aliphatic hydrocarbons, aromatic hydrocarbons,
and the like inactive to the ring-opening

pol ynmeri zation reaction is used as the sol vent.

[0104] 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 thd3carboxylic anhydri de
and/or the carboxylic acid are charged and

pol ynerized with agitation (batch systen) and a nethod

and) brChe L LT e G Mty i
opbB3Aa dﬁSi‘%thQELHH' POaLheo oAl ¥5t AP0, B2 L2014 Oty oo

cont I nuous en out cont I nuous syst

ofT890§98té9H99§ t8YBLenLiL§ Qéeéﬁéapéﬁ HEOM1DEs for the
vi ewpoi nt of the productivity. 45 - [0105] The usage

reQEtEBﬁ §QE1QdéCb9c§§&aéV§éréSlﬁe&§£8ﬁn@ﬁeOﬁumEQE HRSESrbon

he type thereof is not specifically limted
coﬁgtleﬁambethénrmg batghtéyp@ r At erndrd he:ycqrﬂwnt
of catalyst is too small, the polynerlzatlon rate is

ethedycefliclGanngr sekyl gfotps aneusgehSgtG@$ Argeyl groups,
renoval of a polynerization heat becones difficult.
an@uthbelddkee assisubet itthenslsuraan cdreeceridea atdeah. ofSpided fically,
reacti on systemincreases, agitation becones
tedréhydubfurand axptabtenvkepaset ol péedioxane sePrarati on
of the catalyst and the reaction liquid after the
metbppretrahydfofheapel ynbetihul tohrakudrobnramhezrd ofke like

t he
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 tréated
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 p.mol/m2 and an amount of acid exhibiting
pKa of -5.6 or less of 20 umol/g or more, as described above,
is used as the catalyst.
[0102]

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



usage of the catalyst is usually selected within the
range of 0.001 to 50 tines on a weight basis relative
to the |I|iquid phase, preferably the range of 0.01 to
20 tinmes on a weight 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 anmount of the catalyst
relative to the anmount of -sdapply of the liquid phase
per unit tinme. [0106] The reaction tenperature is
usually O0C to 200C, and preferably 10C to 80C. The
cabEREHIO0 BLESSULS, TTY| Do 21V, PLESSH &L JRET Be Afecd Neana

reaction systemis a Iomed o narntain a Tiqui

prék?ﬁgﬂf%hgﬁ uﬂ§V1ﬁ§u §r@£§5§%5£%'§rée%§§ﬁ? ese

range o norna pressure to 10

caPBS&?E?Q'XnHQ&P?é?spéﬁéﬁ&fecépng96¥b §@§d§QQ§§'Eg‘used

nme 1s not specifically limted.” However, in

alsﬁeswegat 10850 Ot By b8 F2ACHE Ol B, adshus fies IEAINE 1 ¢
catal yst and in consideration of the yield and the

is ef@ﬂ_@ﬁhl@le ethi€i ENEYca PEELPI 8Bl Inh{Hei deaghd o tie i s
within the to range of 0.1 to 20 hours, and preferably

cavbbhiyDitheciange afidedouSudlly 46 hothisn the thendateh 0.01
system the reaction tine refers to a period fromthe
topdi Ot (noléi netwbenrébetitenperahereycsicaetsiesrt o t he
reaction tenperature until the reaction is finished
[0&hd]the cooling is started. In the continuous system
the reaction tine refers to a residence

In the polymerization reaction, a solvent inactive to
the reaction can also be used. 1In 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.

[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 liguid is

continuously taken out (continuous system). The continuous

system is preferable from the viewpoint of the productivity.
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time of a reaction conposition liquid in the reactor.

[0107] The nol ecul ar wei ght distribution of the

resulting polyether is depending on the type of the

raw material conpound. However, in the case where a

ri ng-opening polynerization reaction of

tetrahydrofuran (THF) is conducted by using the solid

acid catalyst treated with the organic conpound

and/ or the inorganic conpound or the solid acid

catal yst having the anount 8P 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 nol/g or nore
[oagsprding to the present invention, a polyether

havi ng a nunber average nol ecul ar weight (M) of 200

to B QAN f ithepaydliicUlayid aateWylse 46 deit@édiened on

nol ecul ar wei ght of about 200 to 40,000 can be
thebbasnedor Ftiié heyp®rehetdof 5 o f dde Jpadifiesaihat

a polyether having a narrow nol ecul ar wei ght
lidisédi blrdorexzapldye ieaginey prtatutgte Teatctiox, tilfetde

is a great demand for a polyether exhibiting Mv Vh of
amduttof 2c&tahgsist 1 af by . smdPbl ytBia gelt e miem sitdrerrate is

gl ycol (PTM5 exhibiting MM Mn of Q less than 3, for
re@xagpl e,Convense 1y, 0 i fcamepaneindi ied tipp lagioey tismoval of

solid acid catalyst according to the present .
a pabeRerbpation pagat degegme Bl Pl er e hesA@irei-ogince

of _the present invention is selected, a pol yether
thaagingry Ger§eRhed ol ot et aredm gt W sk brGHRaAses,

2T hER bR TS E e hal pF BEEHE | | et IR AHE B i qdfer in
segggggfgnigfaéﬂgwggtéfyggqggg'tﬁgﬁreaction 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 0.01 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.
[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
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or nore, preferably 20% or nore, and furthernore 25%
or nore. [0108] Mbreover, since deterioration of the
performance of the catalyst over tinme is reduced, the
state of a high degree of conversion can be

mai nt ai ned even when the reaction is 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 *Filérs, thernoplastic

pol yester el astoners, thernoplastic polyurethane

el astoners, coating materials, and the Iike

cof 5120 e5-508 Sompatel e PYepLeslydise L9148, Toima

préggﬁhg cgl Eyyggscri bed bel ow with reference to
synthesi's ~“exanpl es, exanples, and conparative

exapl es é&?ﬁ’@rﬁe&fﬁé‘%s fadd é&%ﬁ%ﬁf%ﬁ'ﬁ{éﬁ | hBLbver,

t he scope Irst and es aspects. ~

1n[Qéﬂ%ldepaﬁﬂoﬁh@ff95£QW£HQ 9@§8fi@ﬁ'QPmetgﬁHc%ﬁgeﬁhéﬁnt of

conver si on, t he nunber aver age nol ecul ar wei ght

ca@QﬂtheaH@|ﬁﬁub@ﬁ51&§tgbioﬂ|§§rt@@t¥9@l&N@A&”@h@feconomlc
pol ytetranet hyl ene ether glycol acetic acid ester

ef fPEMEhcYWRr Bréet £aPL POt Mé t Re SPC of JBImPer B 419Th the
chromat ogr aphy) descri bed bel ow. GPC apparatus: GPC
raBga0oproduced by Hosoh, Conpopacfenably 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.
[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 p,mol/m2 and the amount of acid exhibiting 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



Col um: TSK-GEL GVWHHR-M (30 cn) x 4 units Detection

met hod: Rl Col umm tenperature: 40C Mving bed: THE

Flow rate: 1 ml/mn Arount of injection of sanple: 500

gl Sanpl e concentration: adjusted in such a way that

the concentration of a pol yether beconmes about 0.5

percent by weight [0112] The anount of surface

hydr oxyl group and the anmobunt of acid of the solid

acid catal yst were neasured as described 49 - bel ow

[ Amount of surface hydroxyl43r6up] 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
mid@lechoiaculbe tkighe 65 abbowe?l0d otst4amdod@rcan be

cooling, and is taken off while being kept fromthe
obakinsd. a@uttthdyendregnsifteriredrieo cf dihe Aigatgrmese thed. a

The sanple is put into an Erlennmeyer flask placed in
polhethkoveabaygi a navameenobndular cee bfhdryi ot Uewelon can

added thereto. The Erlenneyer flask is set in a
bet papalyoprodnpedi neittatapigar ditherd Ao @radt idenpass pr a

at 80 cc/min. In an Ar glove box, 5 cc of ether
pospptihpsneshiiting %{Mm Pt hi Nt @i BrS chapreirial buken

into a plastic syringe, _the_s rlqge Is taken out
Po%ﬁpﬁgrgﬁgthgégp%p%phgr|glg@g}eéPTM 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 1.4 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]
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wi th rubber, and the ether solution is injected into
the Erlenneyer flask through a septum A purge gas is
collected into a Tedlar bag for 10 mnminutes, and the
nmet hane concentration is quantified with GC. The
purge gas flowrate is nmeasured with a precision film
fl owreter. The anount of surface hydroxyl group per
wei ght of catalyst is calculated fromthe anount of
generated nethane deterntned fromthe nethane
concentration and the purge gas flow rate. The
surface area per weight of the catalyst is neasured

[OT&@ HM Model - 1201 produced by Muntech Co., Ltd., by

ni trogen adsorption BET one- poi nt net hod, and

tsﬂe?géggﬁgseigf&}nsé%ﬁ &%/ O%%ercqifrromﬂfr Cunt %)ﬁfset acid
spgébggggi$g &%@EPXbeé Qe?&w'@§§$ J@Peféﬁ y8h &ondid &t
at r

ours I1n a vacuum and e catalyst Is

exﬁﬁ?99§d ERahpee |0¥§db95mb9r§tfbér@Q§ﬁpl&%atqRﬁRR%&ethe
er 5 m of toluene is added, setting in a

fomaﬁyﬁgn@ﬂamgwgr abugot s1cand ugﬁ@dscéise apri ﬂdé cel st dnd
m  of 2- per cent - by- wei ght benzal acet ophenone (for

th@ngsondSaéﬁé&@guene solution is added. The anpunt of
acid exhibiting pKa of -5.6 or less is calcul ated

[oftom t he anobunt of n-butylam ne dropped until a W
peak of benzal acet ophenone bonded to acid points is

di shppear eftb Iyowiusy nie - 0ilptniodd L tWie dyned anfi nvrazerssion,
titration reagent. [0113]
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 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



<Preparation of solid acid catal yst having surface

hydr oxyl groups> Catal yst synthesis exanple 1-1:

After 89.66 g of zirconiumoxynitrate aqueous sol ution

(produced by Shin N ppon Metal & Chemical Co., Ltd.,

concentration 18.12 percent by weight in terns of

Zr2) was blended with 18.72 g of desalted water,

m Xxi ng was conducted honbgeneously. The resulting

m xture was bl ended with 11484- g of urea and m xi ng

was conduct ed honogeneously so as to prepare an

i npregnation solution. The resulting solution 51 was
beg%ended with 80 g of Si02 (produced by Fuji Silysia

8mical Ltd., CAR ACT Ql5, particle dianeter 75 to

500 average particle diameter 200 m pore vol une
(AFoRRE b f U ERET DL BRTEL AR Lr 15 nm. and

[ ?' HgH t % éﬁ& J'II' th

[ C cte or.e- [ e . .

agg%n ofdgﬁ egnat | ne§§1ut!oﬁghé§1(%6b¢§%%&FHedrylng S
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sﬁaﬁlng or agout5§ hour . fgﬁﬁa h|§§ pd?glntol%
pa398anke P2 chaped sk Ol a1anfhedy G R ddHher

filled with gl ass wool were connected to the upper
coBPihhONaRé 1 Betdkasker ANgh 814 hes Iaret&ft Wesom Corwest £dso

to a neasurenent portion. Thereafter, the flask was
asftyeBewttiinaretaa® to @ dpyakinggsbadtpbhg. a rotary

drier. The rotating shaft was rotated at a speed of

10 Tidmsdmiel e timaratinte ein tHhe aine Sl 58 pAtackbGn

and heating was conducted for 6 hours. At this tine,
thet ghase asger tai addabye, and 20 cc of dry toluene is added
thereto. The Erlenmeyer flask is set in a titration
experiment apparatus in which N; is passed at 80 cc/min. In
an Ar glove box, 5 cc of ether solution 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 surfacé 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
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t he wei ght change that 90% of water in the

i npregnation solution remained. After the curved tube
filled with glass wool at the upper portion was
renmoved, 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 heati ng
was conducted for 4 hours so as to renove the water
al nost conpl etely. The heat PRg-and rotation were
termnated after 52 a |apse of 4 hours, and the

catal yst was taken out. [01151 The catal yst was

nitF8HsheL8 881 0i én SBOr ndndeskeit ack hsd oathd Ah<Laldudt of

to roomtenperature. After about 300 m  of desalted

suie €& M@&r@ﬂﬂﬁ%r@@#ﬁpﬁéﬁl@@té{\ﬁﬁﬁ ngh M@sce Gorglucted for

about 10 m nutes e catalyst was filtrated and was
calcanstedregetorthe. 500-nm beaker again. A solution

in which 30 g of ammoni um bi carbonate was di ssol ved
[athetot 300 adld ofxlodsat tregl pwd esf viS6 aghd elck seenid

suspensi on washing was conducted for about 10

mi riiiteescatiiey sdatiad yetiathsat i100°at gdbr Sndowars in a vacuum,

transferred to the 500-m beaker again. After about
an@0ohel cataestal t edveveyized was Hoitlegf, 0w spEnsioe weistiqggn

was conducted for about 10 minutes. This washing wth
atmpgpheesal tdd avatemnvgs rtegewned iswgddieses sefdng in a UV

catalyst was air-dried and dried with a drier at 120C
mea HRL PN fRPPARBIR LRt PYIUFE 34 ng ARas e oRddCPE@Tat T ML

900C for 2 hours while the air was passed,
of 0.2-percent-by-weight benzalacetopheénone (for pKa

< -5.6)/toluene solution 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.,
concen£ration 18.12 percent by weight in terms of ZrOy) was
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



The resulting solid acid catal yst was assuned to be
"Catal yst 1". The anpunt of supported zirconi um oxi de
of Catalyst 1 determ ned by cal culation on the basis
of the 1inpregnation solution conposition was 16.9
percent by weight relative to the entire anount of the
catal yst. The anmount of surface hydroxyl group of
Catalyst 1 was 2.6 nol/nR2, and the anmount of acid
exhibiting pKa of -5.6 or béss was 110 nol/g. - 53 -
[0116] Catal yst synthesis exanple 1-2 A honbgeneous
sol ution was prepared by adding 0.44 g of desalted

oo 4058, 08 B0 h o1 R0 YDA s gt
cnliycakifhs, SOMERT 00 JB o Berpegtotys el o 4

avd¥a gt aguat | ¥1 2ddi Nge 8- %00 @f, 255 PErFENmdYT Ve aft /g,

ambni um car bonat e aqueous 'solution thereto with

av@ghy@thohe dhgrepbters MmPd snof impLegna@sodraslatdnducted
added so as to prepare an i1 npregnation solution. The

by 88HELENUI SR ULERE dasubt epdednptédn80ign ofol B Deh was
(produced by Fuji Silysia Chemical Ltd., CARRAMT QBO,

10parbfcteedtaneier pbré ovoDime) wveElageipamdicd® conducted
diameter 200 m pore volune 1.21 nl/g, average pore

bydshakieg BOrnapoutahdhoupregnati on was conducted by
pore-filling (the anmobunt of inpregnation solution was

[01D®% of the carrier pore volune) while mxing was
conducted by shaking for about 1 hour.

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. 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
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[0117] This was put into a 500-m pear-shaped fl ask,
a joint and a curved tube filled with glass wool were
connected to the upper portion of the flask, and a
t hernmonmeter was connected to a nmeasurenment 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 54 tenperature
of the drier was set at 19555 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
a lasseonflu¢tieoufer ald toersatadiyst wahe foken ettt he
upper portion was renoved, the tenperature of the
[OHEPEr was set at 140C, and heating was conducted for
4 hours, so as to renove the water conpletely. The
heathenFadad ot atd ok masrsf ararad et d Aarl Padede aod
4 . hours, and the catal yst was taken out. [01181 The
steadaf 95t coRsing ah’f BPPBALBPAL BPLLR nil Afdskerrband 300 ml
stood_for cooling to roomtenperature. After about 300

of nflespattedsurted WAt eRdWaS: atidelr P Stap ettt ettt ng
COREF Aot aftoHRs o TRRSRETS d 15 (RS UG i aar Fated
PP bbhaT b SRol Vea ThTD 300 <t B1- Hboart ggLution
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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
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.
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and was transferred to the 500-m beaker again. After
about 300 m of desalted water was added, suspension
washi ng was conducted for about 10 m nutes. This
washing with the desalted water was repeated two
times. The catalyst was air-dried and dried with a
drier at 120C for a night. Subsequently, firing was
conducted at 900C for 2 hours - 55 - while the air was
passed. The resulting sol Ldsgcid catal yst was assuned
to be "Catalyst 2". The anpbunt of supported zirconium
oxide of Catalyst 2 determ ned by cal cul ation on the
[Oﬁﬁg's of the inpregnation solution conposition was
per cent by wei ght relative to the entire anount

of IRt Wenetts BRI 12 he Mrount of Jaet B
I mol 1
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m XI ng was conducted
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g of urea and m xi ng was conduct ed
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The resulting solution was bl ended with 80

g §f 0f5-SH&Rcdipt -askransh diye FitinorSidny Séa@rbdeend cadudduk |
CARI ACT B0), and inpregnati on was conducted

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
SiOp (produced by Fuji Silysia Chemical Ltd., CARiAMIT Q30,
particle diameter 75 to 500 pum, 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



by pore-filling (the anount of inpregnation solution
was 100% of the carrier pore volune) while m xi ng was
.conducted by shaking for about 1 hour. [0120] This
was put into a 500-m pear-shaped flask, a joint 56
and a curved tube filled with glass wool were
connected to the upper portion of the flask, and a

t hernmonmeter was connected to a nmeasurenent portion.
Thereafter, the flask was Phxed 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

S t i
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of the drier was set at 120C, and heating was

g18988disbedat Othe 18ppOHI Sort drwd derddida AttRd1e difRSFature
portion was renoved, the temmrMUreofthedHervms
of SEhe alir140Gragandeheat | NYO V@S ak@neket By fvds dedtolicted for
so as to renove the water conpletely. The heating and
lerhbatson were termnated after a | apse of 4 hours,
and the catal yst was taken out. [0121] The catal yst
wa A freamsfres ripalintto st 306 nbdeeakerrtamth wstsoadnfoored, the
cooling to roomtenperature. After about 300 m of
tempsabtede waf etheadr aeldeda s ssspentsi b0 Washimyg hesting was
conducted for about 10 m nutes. The catal yst was
congduectadetior ahdhorasst ramsierredremoVh et Boovatle headenletely.

agai n. A solution,
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



in which 30 g of amoni um bi carbonate was di ssol ved
into 300 m of desalted water, was added and
suspensi on washing was conducted for about 10
m nutes. The catal yst was filtrated and was
transferred to the 500-mL beaker again. After about 57
300 mM of desalted water was added, suspension washi ng
was conducted for about 10 minutes. This washing with
the desalted water was rgpggted two tinmes. 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
whiksuthéngisobad passedat al yst was assunmed to be
"Catal yst 3". The anmount of supported zirconi um oxi de
of TiGatmd skt ihgletcdrim reed doycatad lgid tatwagn agrs ureel has ibe
of the inpregnation solution conposition was 16.9
"Capeatest BY. wdllghtamaairdt iofe suppdrd eshtzire caripumoxdiet lod
catal yst. The anmount of surface hydroxyl group of
Catalgpys? detpsninmed bl ¢adcubmil ethecranthmtbagiacf the
., exhibiting pKa of -5.6. or |ess was 100 nol/g. [0122]
imppeanysioRyhe hesien exampr el tion Arag| 16 Aotk csittalgstweight
obt ai ned by firing Tonsil ti munFF, which was a cl ay
re](%E%V%aF%d%/}&‘Fa?ﬂ}tjc%‘f a"l‘%ltm‘é%f W R WRSY Broduced by
Su Chem e, at_400C for 1 hour while %ﬁg air was
e
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or less was 100 pmol/g. '
[0119]

Catalyst synthesis example 1-3

After 88.01 g of zirconium oxynitrate aqueous solution
(produced by Shin Nippon Metal & Chemical Co., Ltd.,
concentration 18.12 percent by weight in terms of Zr0QO»2) 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 SiOy (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



or less was 190 nol/g. [0123] <Treatnent of solid
acid catalyst with organic conpound - 58 and/or
i norgani ¢ conpound and production of polyether>
Exanple 1-1 [Treatnent of solid acid catalyst with
organi ¢ conpound and/or inorganic conmpound] In a
ni trogen atnosphere, 100 mM of ethanol (water content
50 ppm) dehydrated with nol ecul ar sieve 3A in advance
and 98.3 g (832.2 nmol) of Héethyl carbonate (water
content 50 ppm) were mxed in a 500-m flask provided
wth a reflux cooling pipe. Here, after 50 g of

t Se. 1.0 the e-.descri be 1 xe
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Af t standing for cooling, the reflux cooling pipe
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tenperature was gradually raised by heating in the oi

wadatkeq ef hanol anghdi et hyl ~6a5PPAGE ShieE ecEeaDYEdaRY drier.
distillation at 90C to 140C, and a treatnent was

The OFeitet Bty f Sa de N Srotdtddeatoid fatdy abr WDGpM) ltghe

ni trogen was passed. After standing for cooling, the
terfiSth t g SAlEHy Sdrv@s yesastves 105 A} eed asetting was

container in a nitrogen atnosphere so as to serve as
coradeat &d y&dr fOrheved uattifaer the amrwed elubgurfiaded with
hydroxyl group of this catalyst for evaluation was
gldss wadl n, el dppernmpuitiaf weed dermdtddyi tibe gepeaafature
.-5.6 or less was 110 nol/g. .
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



[01241 [Evaluation of polyether production reaction]
59 A flow reaction apparatus having a volune of 520
m was charged with 22 g of this catal yst for
eval uation. A mxed solution of THF, acetic
anhydri de, and acetic acid (weight ratio, THE 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 solutigncgwas taken at O evenly
spaced tinme intervals, and the yield, the nunber
aver age nol ecul ar weight (M), and the nol ecul ar
wei ght distribution (Mv M) were neasured with GPC
30pom25pf depeltadt vareldeyreeadficedonvesenl gRsvadahog was
the initial M was 2,257, and the initial Mwv M was
copdggtedhbart AROUE ehBt RFERUERFE WHSLSLEE N ING tHE Hddiee
of _conversion was 28.3% (the degree of conversion

depalhefvEater eS| FePFaFedvaraet WASS sadfhe MR dy S, 255
500 0 e 100, gk epioration pglat bue Lo he,
subghaLRbugt PP She Ry oL st RLOUSLl B0, SE2ELL 0 M
n§3Ues USSR EChERLALISt L umo Loed W Lhout being,

L s e T PR S RN R
ncQtaEPBVEE8l OMWBS nount 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 pumol/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 umol/mz, and the amount of acid exhibiting pKa of -5.6
or less was 190 umol/g.
[0123]

<Treatment of solid acid catalyst with organic compound



28.2% (the degree of conversion relative to the
initial - 60 value was 71%, M was 1,813, and Mw Wh
was 1.85 (deterioration relative to the initial value
was +0.03). [0127] Exanple 1-2 A fixed-bed fl ow
treatnment. apparatus was filled with 40 g of the
above-descri bed Catal yst 2, and nitrogen was passed O
at a flowrate of 0.8 L/mn. Thereafter, in addition
to the nitrogen, passing of ;gethanol (water content 50
ppm) in a gaseous state at a flowrate of 32 ng /mn
was started, heating was conducted up to 100C, and
that state was kept for 5 hours. The passing of
angéehahodPr9anie eeoipaied aid apredudtapye of B hmfrker>
nmerely nitrogen was passed, and that state was kept
f orEXRINROkA sL-After standing for cooling, the
resulting catal yst was preserved in an enc| osed

[TegataeRerOof nSohlthi ¢ b erP Ba W3 pHet ! FEAN10 SAIRAILE
catal yst for evalyqé'on. The amount of surface
anﬁ§8Fok9 TEidtp OfMRATS Latalyst for eval uation was
0T e S5 g PRI
coBhNELBE o ECHERI BTy SSHLEN MBS PEIEUEL ST o 1
2 GABLERAG NRE Jarha L L SBERE FA RS e
cotYRENP y@spﬂmyﬁweygeﬂiigﬁ in a 500-ml flask provided with a
reflux cooling pipe. Here, after 50 g of (Cafalyst 1) was
added to the above-described mixed solution while agitation
was conducted, and heating was conducted in an oil bath for
1 hour with reflux. After standing for cooling, the reflux
cooling pipe was replaced with a distillation head, thé
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]



61 reaction tinme was 162.0 h, the degree of
conversion was 25.3% (the degree of conversion
relative to the initial value was 74%, M was 2, 322,
and MV Wnh was 1.77 (deterioration relative to the
initial value was +0.01). [0129] Exanple 1-3 A
fluidized-bed flow treatnent apparatus was filled
with 80 g of the above-described Catal yst 2, and
nitrogen was passed at a-flbew-rate of 1.6 L/ mn.
Thereafter, in addition to the nitrogen, passing of
trinmethylsilyl acetate in a gaseous state at a flow
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hydroxyl group of this catalyst for evaluation was
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-5.6 or less was 100 nol/g. [0130] Evaluation of

evpnlyespecer othuet i obereats| onaashe cpheiug} ethé@snunber
Exanpl e 1-1 except that 22g of this catal yst 62 -

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



for evaluation was used. The initial degree of
conversion was 33.0% the initial M was 3,090, and
the initial MV Mnh was 1.80. When the reaction tine
was 162.0 h, the degree of conversion was 27.0% (the
degree of conversion relative to the initial value
was 82%, M was 2,967, and MV Mh was 1.78
(deterioration relative to the initial value was
-0.02). [01311 Conparativeggxanpl e 1-2 Eval uation of
pol yet her production reactlon was conducted as in
Exanpl e 1-1 except that 22g.of the above- descri bed
Catal yst 2 was used without being treated. The initia

vaegreas of LzbnVvidR svan heBl32. 0% NWAR Has at- 8Wh was
2,287, and the initial MM Mh was 1.76. \Wen the
(debartpoati Preradat 163, o hthe hen ekt ke dkug orfersd dhd) -
23.5% (the degree of conversion relative to the
0?271| val ue was 73%, M was 2,282, and MV Mh was
1 81 d%Ferlo atlon relative to the initial value was
Exanple 1-4 A fluidi zed-bed fl ow

?efm %%a A £“f?§%tf“%“t§%&pvr%4 agort smgsﬁﬂsss gien 40

o 85 BubL AT el AL 1B R R FOTGUSLES i
w00 AT IV ol soolpis ot et B9 e
ni§§o§@n, 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 passing.of 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 catalyst was preserved in an enclosed container in
a nitrogen atmosphere so as to serve as a catalyst for
evaluation.

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



/mn was started, and that state was kept for 5 hours.
The passing of trinmethylsilyl acetate was term nated
after a |apse 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 encl osed
container in a nitrogen atnosphere J so as to serve
asa catal yst for evaluation,_ The anmount of surface
hydroxyl group of this cafaﬁ}sf for eval uation was
1.6 nol/nR2, and the anmount of acid exhibiting pKa of
-5.6 or less was 100 nol/g. [0133] Eval uation of
repot yeh hietmereacl 6200 rlreactheodemsee cof dumtwslr aison iwas
Exanpl e 1-1 except that 22g of this catalyst for
25 e¥al (1t ¢ otegvese usedcomher s 1o | 2 L aleigree e of t oo nivreirtsiiadn
was 28.8% the initial M was 2,022, and the initia
valvp Masvasd ). 641n Wieh 2 h#22 r ezed iy M measwals: 142, 5 h,
the degree of conversion was  23.5% (the degree of
(depybesabien efkahive ot @ Heng nindtaial vied ke visss 8204901 )vh
was_ 1,890, and MvW Mh was 1.66 (deterioration relative
[0}%%t he initial value was +0.02). [0134] Exanple 1-5 A
fluidiz d-gg_ flow treatment apparatus was filled
\Mtﬁ?%ﬂﬁiﬁ he above-described Catal yst 3, and

1 QA1 B8 R PIRREY S B LR 0L L8 L
wi@gdééié”bf(%ﬁé“%bove—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 umol/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



ni trogen, passing of diethylnethylsilane (water
content 10 ppmor less) in a gaseous state at a flow
rate of 68 ng /mn was started, and that state was
kept for 5 hours. The passing of diethyl nmethylsilane
was termnated 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 catalgst was preserved in an
encl osed container in a nitrogen atnosphere so as to
serve as a catalyst for evaluation. The anount of

fogsé%%fﬁagygﬁo%g%.ggggp of this catalyst for

ati on wWas ol / n2, and the amount of acid

bl ting . - 00 Q. 135] ...
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Eval uation o er proauction reaction

MnCQQQu§F§gOasaﬁﬁvgﬁénpﬁft%éﬂ ﬁ%ﬂﬁ@tw%gaf.ggg %ﬁm&h%%e

catalyst” for e uation was used. e initial degree
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and the initial Mwv s 1. ) n the reaction
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(the degree of conversion relative to the initia

vaVaé Ua ¥es2 BlL Y Mn Mia yas, 4679 7an@ndy M Nia yvas, Ag 66
(deterioration relative to the initial value was

(deOe D2)rat {1 3631651 ve BExanphe inbr Al |vwd digashded) fdow
treatnment apparatus was filled with 80 g of the

[0OBBbVe- descri bed Catal yst 3, and nitrogen

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



—’

was passed at a flowrate of 1.6 L/mn. Heating was
conducted up to 140C. Thereafter, in addition to the
ni trogen, passing of diethylnmethylsilane (water
content 10 ppmor less) in a gaseous state at a flow
rate of 23 ng /mn was started, and that state was
kept for 5 hours. The passing of diethyl nethylsilane
was term nated after a |l apse of 5 hours, heating was
conducted up to 200C, nerel 3 nitrogen was passed, and
that state was kept for 4 hours. After standing for
cooling, the resulting catalyst was preserved in an

10epphosed) 6981 aiﬂeg ?or nét%@g@g gﬁ”?SPfgw ra?@ $§ 88 mg

serve as a catal yst eval uat1 on he anoun

/mﬁﬂrﬁ§§esbyﬂfédy|aﬂ&oﬂﬁa@fsﬁgté @Qéainiﬁ £&Prs hou s. The
eval uation was 2.0 nol/n2, and the unt of
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Eval uation of polyether production reaction was

lapsadoct 8dhasrs N xatphe dad exe@pttddaip 228 D601 Sperely
catal yst for evaluation was used. [0138] The initia

nitdeggee wisconyees) canavashB8. d9%4td head Nkdpal FoMu Wasurs .
2,090, and the initial MM Mh was 1.66. \Wen the

Afrencstondingef wascd6lling h, thder egr e f connVestsi v
was 66 27.4% (the degree of conversion relative to
Preservedtimlan engkosed G3Waingr was 2,108 ogerd dMulddphere
was 1.68 (deterioration relative to the initial value
sowds 49, PPyve af@lag,g}atalyst 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 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 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



~——

Conpar ati ve exanple 1-3 Eval uati on of polyether
production reaction was conducted as in Exanple 1-1
except that 22g of the above- described Catal yst 3 was
used wi thout being treated. The initial-degree of
conversion was 29.6% the initial M was 1,582, and
the initial MV VMh was 1.68. Wen the reaction tine
was 139.5 h, the degree of conversion was 23.0% (the
degree of conversion relatiyg 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 fl ow

wapr paeRBAt Ahppaf 4PUsrabs Pfl1efl Limim. sdleptomg s
above-descri bed Catalyst 4, and nitrogen was passed
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thi s catal yst
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 umol/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 conversion 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 2.4 nol/n2, and the anmount of acid
O exhibiting pKa of -5.6 or |ess was 190 Wl /g.
[0141] Eval uation of polyether production reaction was
conducted as in Exanple 1-1 except that 22g of this
catal yst for evaluation was used. [0142] The initi al
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,.- tdwe -degree of conversion
was 12.2% (the degree of conversion relative to the
initial 3 value was 429, M was 3,470, and MvW Mh was
]‘55) I%d fl gration relative to the initial value was
}i O 43] Conparative exanpl e 1-4 Eval uation of

Eg%ﬁfﬁfﬂd g{g&o& agéelga conduccted as|£t}gdled
wi£AL 8bYS! of ves gssge%gpeggbgg/o egEsi 9{69 Alggéég%n

egree of “conversron wa nltlal

t t 5. t
wa%egggfgﬁng}:ngeg\%gh -{f%{_—e '\% t he é&%ge Ol‘t&cor{l\g;r Sai on
coMBfctdl. dpo {gh@;glegr eel‘k%fré‘e&rﬁ’@f S'lq{‘rﬁcﬂ_tﬂd.\b% LQ, ttl?i%

initial value was 36%, -Mh was 2,794
nlﬁr@@en(dp&@éhﬁ?a&f°ﬂ1é€h§lh¥€h§9$lb§nén %é@@r*@%ﬁ@bﬂ@slo

+0. 15). [0144] The above-descri bed eval uation results
pp@rershess) i in a gaseous state at a flow rate of 23 mg /min
was started, and that state was kept for 5 hours. Thé
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
s§ as to serve as a catalyst for 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 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



Table 1-1 and Table 1-2 collectively. 0 [0145] [Table
1-1] Catalyst used for reaction Catalyst O ganic
conmpound Anmount of surface used for treatnment hydroxyl
group Amount of acid (,1 nol/n2) 01 nol/g)
Conparative Catalystl - 2.6 110 examlet-1 Exanplel-1
Catal ystl ethanol/ 1.5 110 diethyl carbonate
Conparative Catalyst2 - 3.4 100 exanple 1-2
Exanpl el -2 Catal yst2 nmet hangk 2.0- 90 Exanpl el -
Catalyst2 trimethylsilyl 1.4 100 acetate Conparative
Catalyst3 - 3.3 100 exam |l el-3 Exanplel-4 Catal yst3

2 AT BN 1P 300, ScEL Rt e, BAIBLEL 5, Co alyot
IR e
déEéP?&PX&féﬁyiefaéiég eta{ﬁ&tlal 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



- 69 - [0146] [Table 1-2] C o0 CO COr LOr NCON N
NLO O0O0O0O0O000Or O CTOOOOC 00000

+1 ++1, ++++++ 0. 4) 00>cn.. 4 (D>0
NN. coN N co CO00cocoCOd OO O04) NcOE
LOON cod COCocoOLO 3 %r +1 co COcor- r- CO
COCOOO00 rrrrrrrrrcoONr mOCNNN
NN N ON coltY O 0) Ecoar COco NCOCOC3 C7)
OC N m+ co NNCOC-0C8706 N. r f

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 umol/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 value 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



C 4- r NNNNrrr NNC7 co0O() 00ad4) N.L
MENCOC cCOOOLf) cCO~t r N (D (V ++ 0 CO Co CO
L) NN COCOLc) NN. OC/ > 0O~ NNNNNNNNNT T
0) 4 C O ~UMNLOCOCoON I!'"7CoIl~1~"CF iFr
NNCYVMONCATr L6 Ln CDCOCO't co co CO CO CO CO
CO aL. rrrrrrrrrrr OWO TrLNr COCOO
co"l'" d COLOICT ;t +cocor- r- co COCOCO COO00
00 C-rr Trrrrrr+8Gr nN CAONNCOO
co O LOLOO0O CAOco NI;t mMmCOCo co C4 C% co C
COLONNNMCONN ONC OOTrr O 4) m N NO
red {88 Wi twas 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
(deterioration relative to the initial value was +0.15).
[0144]

The above-described evaluation results are shown in

Table 1-1 and Table 1-2 collectively.

[0145]
[Table 1-1]
Catalyst used for reaction
Organic compound A f surf
Catalyst used for treatment rount ot surface Amount of acid
hydroxyl group (gt mol” )
(1 mol.”m?) Hmol g
Comparative| o\ vst1 ~ 26 110
examplel-1
_ ethanol/
Example1—1 | Catalyst1 diethy!l carbonate 1.5 110
Comparative| . o1 st2 - 34 100
example1-2
Example1-2 | Catalyst2 methanol 2.0 90
Example1—3 | Catalystz |  trimethyisilyl 1.4 | 100
acetate
Comparative| .. o1 st3 — 3.3 100
example1-3
Examplel—4 | Catalystz |  frimethyisilvi 1.6 100
acetate
Example1-5 | Catalyst3 | diethylmethylsilane 2.0 100
Example1-6 | Catalyst3 | diethylmethylsilane 2.0 100
Comparative| o\ 11 cta - 35 190
example1-4
Examplel-7 | Catalyst4 |  trimethvlsilvi 24 190
acetate
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[0148] [Description of the third aspect] The inventors
of the present invention found that a netal hydroxide
and/or a netal oxide was able to be supported in a
carrier while being in a honbgeneous, fine dispersion
state by conducting a honbgeneous precipitation

- met hod, which was a precipitation generation reaction
froma honpbgeneous solution, in pores of a carrier.
Consequently, the third aspggt_has been conpl et ed.
[0149] In the honogeneous precipitation nmethod, a
precipitant (for exanple, a base) for converting
netal salts to nmetal hydroxides is generated in the

[Glisildes of carrier pores honpgeneously. Therefore, it
Is believed that differences 71 in concentration of
theAﬁetl§| chgarokireB dapérding endt RablpodrRiokbei sodnd

ESIde f thglcarrler becone extrenely smal

d
¥Sitn &2 ViAo Ge F8Bd é’é‘@“é’é%\ﬂfoﬁélrcfﬁcr?ethé{l%r;foxyl
r X|de ﬁgn be %gperated the c rr|%
a&%éi §69 9% &@tlé’ieﬁ’ é’Y &re@tlng
th%t%ﬁ%t Ay catgagt i I%ﬁ el cof Fstnd R S 8, an
a narrow-acid W &IS 5aE0H F@ﬂﬂﬂ §i
1n%frgfé\tﬁq_ct %'ogn%foﬂiae 9.?’1 8%37'85% té)]%y ge%%%i%m%r n ll%tt e

ucti on a so

oo AN B (BT RRARIGR 3 ot
thakl ewhng Eﬁgdnﬁbﬂblyst. 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



hydr oxi de and/ or the netal oxide to be supported in
pores of the carrier by conducting a honbgeneous
precipitation nethod in the carrier pores. [0151]
According to the third aspect, the honbgeneous

preci pitation nethod may be a honpbgeneous
precipitation nethod by using a precipitant
precursor. [0152] The above-described precipitant
precursor may be a base prerursor. [0153] The netal
hydr oxi de and/or the netal oxide may be a hydroxide
and/ or an oxide of at |east one type of netal 72

e R SR SR U ST ol
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and/or ~J a netal .0xi de _can

h d
ongJHSE g R 50 e g g 8 B

hyEQGQQQQeQHﬁ b%'g%ngkiQ%HSE%ntﬁ%aEgW%Xe%OQQQ%%thg%neratlng

onbgeneous pre ation net

1aE§%CthEéthﬁonQe§%r%E'QB bBR&LRn0Y Eeqqaaaeq@09%%399§t

solution, "I n pores he carrier. resul
ha%@hgdaaQngéabﬁbﬁ§E B%Vhﬁgdaba%@rgﬁdaHDHBErBR ac1d

aci d-base and a narrow acid strength
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



di stribution can be obtained. [0156] For exanple, in
the ring-openi ng polynerization ~yl reaction of
tetrahydrofuran, a polyether having a narrow

nmol ecul ar wei ght distribution can be produced at a
hi gh degree of conversion by using the
above-described solid acid catalyst. [0157] The
enbodi ment according to the third aspect will be
descri bed below in detail .- Hpwever, the foll ow ng
description of constituent features is an exanple
(typical exanple) of execution forns of the third

aspect, and .the 73 ird aspect is nat specifical
1R S iteie S E o D 9TOUR FoRSRE Sk e I GRIUD 3,
ist. [0158 The sol i.d id catal yst praoduced - .
th HS e ' GOENSEPRPr 8 BU5egEOUP 3 JgoPnd Adie group 14 in
at al yst.: | ich a metal hydroxide and/or a netal
th%x%%%xﬁélgugggaféd in carrier pores while being in a
[oﬁ% geneous, fine dispersion state by conducting a
honogeneous precipitation nmethod in the carrier pores.

[ 018RL Egg%ypeér?sfggfulﬁa rgei pibgtion method is

conduct e , or exanple, inpregnating a carrier

[owsh a netal salt and a precipitant precursor, which

generates a precipitant through a chem cal reaction,
e. JAcchydingysbSthé Nt RiB@| 46pest , ah hbE€alSAYBrbkiBe and/or

and subjecting the inpregnated carrier to a
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 homogeneous 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, a polyether 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



D

treatnent, e.g., a heat treatnent, for generating the
preci pitant fromthe precipitant precursor. For the
- ~~ honopgeneous precipitation nethod, it is inportant
that the netal salt and the precipitant precursor
constitute a liquid phase, that is, a solution. In
the present invention, the carrier is inpregnated
with an inpregnation solution including the netal
salt and the precipitant preggrsor and, thereafter,
the treatnment for generating the precipitant fromthe
preci pitant precursor is conducted. [0160] [Process
for_ production of solid acid catal yst] 74 A process
thigrd ASRRRY i bh Mt SREFICRI Y damited taddwiss mprtents
the third aspect by the honbgeneous precipitation
vithipfhe rp%ﬂ'fcg?] C{%etl},eargr]rsésr' is inmpregnated with the
[4#§§egnation solution including the netal salt and
€ brecipitant precursor and, thereafter, the
m

f. [ h i pi f, h .
or odi: ot acdEr St enyde, Biolured” a5E0ugadps g the third
ci ] Jf 61]. . ' h .
as@%ﬁfeﬁéﬂ% sbc%eieilffsjgaﬁdnkbt%gc@ [hl r’d]lélséé% A L?r Iﬁ“%trta-li %YdrOdee
T Lird . | i des. .
a%/fcg{ d ol dﬂc#eeq.s '_sk?lgﬁ)t\bﬁ:retﬁﬁtrp ca%'lc%‘;fog%??@efl%

oxl des, zeolite an I ke, a

 bdilde irl£ 1ﬁfnﬁf<fé’r@?111%,_ FilneL @i iR AateP Py conducting

titania, silica- alumna, silica-zirconia, an
a HidnideReriddudipt i@ it onP Rft@icd|ier tHd icedr il Potres .

and zirconia are particularly
[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 preéursor. 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 thé metal salt and the precipitant precursor and,
theréafter, the treatment for generating the precipitant
from the precipitant precursor is conducted.

[0160]

[Process for production of solid acid catalyst]



| preferable. [0162] The particle diameter, the pore
di aneter, and the pore volune of the carrier are
di fferent dependi ng on uses and application forms of
the solid acid catal yst, and cannot be wunivocally
specified. [0163] These carriers may be used al one or
at least two types may be used in conbination. [0164]
75 (2) Metal hydroxide and/or netal oxide The netal
hydr oxi de and/ or the netal_.ox4de to be supported by
t he above-described carrier is not specifically
Iinited It is usually a hydroxi de and/ or an oxi de of
netal el enent of 8rou RS 2 to 14 in the periodic

tabﬁeproﬁﬁéﬁe 2k bry H?&FB?lﬂé énﬁPéFdaﬁcéﬁl gatatyst
| eas e Qf taI nen% | ected fromthe
acsoh o5 Fne m@ﬂ&?ﬁ H the
h d 4 i.n
rcr‘i.‘f’gl&a”t o8 rm%rt . l& 3%5‘1 iﬁl S RHigE 1}& Hsrgpassd
WJT%' Yhe0f; gﬁfgg%%sc&o%n%omp&of 115, T me81°6514 and

consi strng o

th@ Fg%%g EFC &%Eh%s%&egﬁﬁab%ﬁe?e%*@%gx'Q%e Q%@%Em%%t for

t one type of netal eledent se
geB%Qﬁklh@et%fo tgﬁqggF?h%nQr%ﬁ the frecApitddd Mrecursor is

0165
coiductLd, 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]
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The netal salt to be used in the honbgeneous

precipitation nmethod is a netal salt, from which the

above- described nmetal hydroxide and/or the netal

oxi de to be supported by the resulting solid acid

catalyst is generated, and therefore, is usually a

salt of the above-described netal elenent of groups 2

to 14 in the periodic table, preferably a netal

el ement selected fromthe groyp consisting of the

groups 3, 4, 5, 13, and 14, nore preferably Ti, Zr,

Hf, Nb, Al, or Si and particularly 76 - preferably

Ti, Zr, A, or [0166] The type of the salt is not
(zépg@FﬁicQWﬁ%OW#ﬁﬁté&d/oﬁoW§$é# Oélﬁﬁtrate an acet at e,

a sulfate oxynitrate an
oxyzhﬁom?‘a@ EY%&?abﬁad?%dtaﬁ m%hm@e ane

andaSU at e S .nNore re
Rl A:

sopibEFeaThi: thE SpByerAesred sSFFrlﬁrniFrEPg sppeifically
| f

1if35eRr or Fhet Safa fay of @?X?%%iﬁ Y/ 8 19T 9E

e 89Lchiohe §§ou§565€£8b iFNEnE! EEOILHT rape

rate, zirconium oxych rconium su

pr%f%?ﬁkﬂ?1gghyﬁkgﬁld@|HHH?B?Lﬁnggﬁafoggng' Ebgg]one type

urther preferabl ese netal
ofSaktalmeyehenysediakerq Q!’r]oﬁt theagtolPOcoh¥R8e iNBY oCthe

used in conmbination. [0
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 an
oxide of at least one type of metal element selected from
the group comnsisting 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, Hf, Nb, Al, or Si, and particularly
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(4) Precipitant precursor The precipitant precursor
according to the present invention undergoes a
chem cal reaction, e.g., hydrolysis, by a treatnent,
e.g., heating, in an inpregnation solution so as to
generate a precipitant. The precipitant reacts wth a
metal salt in the inpregnation solution so as to
cause precipitation of a netal hydroxide and/or a
nmetal oxide. Anobng precipit@nt- precursors, a
precipitant - 77 precursor which generates a base as
a precipitant, that is, the precipitant precursor
w%ich engrates a &ase tp ough hydrol ysis or other
Prg SEFPEV &é302FOnA'h 0] kpregnation sol uti on and
[O&@%reases the pH of the solution so as to precipitate
a nétal salt as a hydroxide or an oxide, is referred

to fge atgg'ggsgf PLREVULSPE" is Lg&g 8%1%35 Bﬂ@éfﬂ( Py m?%%?.- o

precursof® for conducting eneous” ptrecip

d LSk ecifi i myt ed: wever . .i,0:
HoffBVaR, bonifkatBycah BLbutk, Th SH1£afRICKA" oxilicrate, a

chPagedBl, ek a8 oxytc®dordiRNUY GratichaildyYland an oxynitrate,
substituted urea, thiourea, alkyl-substituted

ant bkguhearid@m gf8dcampQuidseCoBPASed pre@BirABIeand
carboxylic acids, and the |like are used. Preferably,

[0LB62]3, cyanuric acid, and alkyl-substituted urea are
used. It is particularly preferable to use urea and
cydbat cisici forf riome tihet 1 eswobt nta wittdiee pase atetate, a
availability and the cost. These base

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.

[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. BAmong precipitant precursors, a precipitant



precursors may be used alone or at least two types nmay
be wused in conbination. [0172] (5) Basic substance
Not only the above-descri bed base precursor, but also
a predeterm ned anount of basic substance may be
added to the inpregnation solution in advance in
order to increase the pH- 78 wthin the bounds of
not causing precipitation. It is also possible to
reduce the usage of the basegjprecursor and the tine
required to generate precipitation by using the basic
substance. [0173] The basic subst ance i s not
specifically limted, Ega | es thereof i.nc

Bi BarE

Prﬁ?HFé?Fd&?:CB?BSBE£F§§S LR3: BoPEERiBRanLe thAg 1S/
t at .

the, BrapTBitant gﬁﬁsgfsorgwalnggﬁvs?ggﬁ?ﬁélEa%%ﬁ%hfsugh

hy 3RS s B peheRn AL Bg 1 kR Bho Shy §a33§n8§99t10n
soi @l gggagsa %pgfggggg'gﬁgb a59°eage§o§a%lgﬁrso gs to_

prefera These*basi ¢ substances nay

prabIRRSRest WEGRhpusp B ESHBNREUSEd, b e, i
re9§%§bhytotag hepggaapi-aBugabyiion is prepared by
[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 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.

[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



di ssol ving the above-described netal salt, the
preci pitant precursor and, if necessary, the basic
substance into water. [0176] The concentrations of
the nmetal salt and the precipitant precursor in the
I mpregnation solution are not specifically |imted,
insofar as the dissolution state is 79 maintained and
the concentration is suitable for-realizing a
favorabl e anount. of suppart7édy-a carrier described
|ater. Usually, the netal salt concentration is 0.01
to 50 percent by weight, preferably 0.1 to 40 per cent
and p tlcularl pref er abl, 8 i
e ponbrign bl Grl Bavc WBibeionr | Lroig also

suf ficient for

h h |
posﬁe%ﬁﬁt g et TR ?l%éc%eef T batt prpchippy gng the
t t | ar| f |
e, S 0 L AL 0 B3k B i

S used approprlately in such a way that a required
su%ﬁ &85Gi'ti on i s obtained. That is, since the pH
[ g qutlon required for generating precipitationis
i ff'erent depending on the types and the
Con%ﬁetbaéhenéueétahee EEtﬁbts§béc§ﬁ§c£ﬂ§yp1§ﬁh9éaant

precursor to be used, the basic substance is used at
Ex@thp2 /U Rt Jr@ 9% 1A A BEABIIER s Michhbbheges ,
conditions. [0178] In the present invention, in order

bitartendiess,! Phoshhamesn)eams mrc@uametsabufonlnmuliodlertals .
the carrier, it is

~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
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necessary that at |east one type of netal salt and the
preci pitant precursor are in a liquid phase, that is,
di ssolution state, in the inpregnation solution before
a treatnment, in which the precipitant precursor is
converted to a precipitant, is conducted. Substances
ot her than the 80 above-described at | east one type
of nmetal salt and the precipitant precursor may be
present in any state in the 7¢npregnation sol ution.
[0179] (7) Honpbgeneous precipitation nethod <Mt hod
for inpregnating carrier with inpregnation sol ution>
The net hod for inpregnating the carrier with the L
n icr?ﬁ}cé’d’r%%?“sdi%ﬁu&ﬁqbsl%oqor realizing a

eci ficall ver, it i.s

[imted. , f | h
£ AR T RO o i g GO TP o R PSR e
oS metal st a1 e ¥ oy percent
byl WG, sl & Ll g, L g ° and

I npr of *the <Carrier
T Y1 W] ferpal y7Q% 0 :
Pl R A AN 510 T 0 (AR 1 Shetanc. e
prddifitdnt HRecfldr e .1 By Q9nalns Y HH AR sl
uniformy enter carrier pores, and nonuniformty

amRFH tshf GRS ot priedipd AW the et ideaan@®alt RA1t,
i mpregnation solution adheres to the outer surface of

pridferedly @2 ard snayimesf,oad padttseulesuht preflddb®ly 0.3
Any anpunt can be selected as the anount of netal salt
to 5 times, as described later.

[0177]

The basic substance 1s 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
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to be supported by the carrier through inpregnation.
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 81 by weight. Usually,
t he anobunt of the supported precipitant precursor is
specified to be within the range of 0.1 to 10 in
terms of nole ratio, where tgie 1 heoretical anount
sufficient for precipitating the entire netal salt
supported by the carrier is assuned to be 1,
preferably within_the range of 0.2 to 8, and further

- abmf@réﬁasmbﬁﬂt RtnleRet QﬁﬁetYéeonom§tP8 §alfoaad) the

Met hod for generating anpd after-treati
PrEFABIERNG: PERCUTACEORAY ahet BEERENE LIPS RpSERte,in the
treat heating, for converting the

impregna; P8HtSB&BE&P§0r to a precipitant is conducted

Oxﬁple the netal salt and the precipitant precursor,
[ dh are supported by the carrier through

(723}%‘@%@%8% Fr%ﬁ.enp;iﬁﬁ'&& h }%EF fjhe inpregnation

rema ate solutlon in carrier

<MBPHES: foRNImbhe HEE%B Séh%riérCQQ¥ﬁriﬁ thlon solution>
metal A

correspondln ydr oxi de by the |p|tan

honpgengoLsbdy E@Beixﬂﬁﬁégwtim th@%&@rfértdaftﬁatﬁé eibove- -
[0182] In general, a base precursor is used as the

de@&@@beutambreghaeubﬁogolaadohyQBOhwﬁlspeeltmeammgellmlted.

precursor through heating is used as the treatnent
HoWeregpnyer isngrelierhbte 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.
[0180]

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



precursor to a base. [0183] As described above,
according to the third aspect, in - 82 order to
conduct the honbgeneous precipitation nethod in the
carrier pores, it is required that at |east one type
of metal salt and the precipitant precursor are in
the state of a solution, that is, a liquid phase,
before the treatnent, in which the precipitant
precursor is converted to+tHel -precipitant, is
conduct ed. However, substances other than the
above-descri bed at | east one type of netal salt and

byt %ﬁg%remeg{m]ﬁm&g gﬁwéﬂesuﬂ@yo?etha aQy 8£988t€%8%§61i.tant

Int case € base precursor |s Bonver

pridi®i2ase 1tshrﬁ%ﬂ;tllfméﬁr QLY $eS i8R Vhe® g;fer ggbxo to 10

heat I ng, ng tenperature Mﬁthln t

indQeri® 30Rd1e r4tydl,! whaderted t%@%r@&qhgﬁa%hbuhne
range of 60C to 200C is adopted. The heating

sulfeTRalkeaitU o rC Prelipd the igarted enRiee ¥R bhlkh%upported
heatlng terrperature Is too |OW a reacti on of

bygeher ahirgtiedf ilshaspusedpitbabe fir,opriferablpr @Gipiindkthe
precursor may not occur or a very long tinme may be
rangleenf If. 2t he Bgatindg fuewhetrapueserablgowiithin itheset®ge
cases, the entire water required for hydrolysis may be
ofr &ndvaée bBefore the reacti on of generation of the
precipitant fromthe precipitant precursor is
[O0fli8dilshed. In order to conduct a good, stable

honngeneous precipitation method, it is preferable
<MekBpdsEREr IRBPEALANGRRRA ARteRetrApEtégAapFeRipPitation>

According to the third aspect, a treatment, e.q.,
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



solution, with which the carrier has been inpregnated,
remains at the point in tinme when the precipitation 83
generation reaction is finished, and further
preferably 10% or nore of water remains. [0185] The
heating of the carrier inpregnated with the
i npregnation solution my be conducted in the state in
whi ch the support carrier does not nove as in a
fi xed-bed heati ng apparatus832 However, particularly in
the case where a large anount of catalyst is
prepared, it is nore preferable that a fl uidized-bed
r.at 0 h i ke .
o2 N S e Ry U B BB A el gn ehe
er q ,vapor, r r u
i L R %%g%ﬁp%g% cYBF, o

me'tsalf s @i 260, thtehg Fylttaﬂft (Y):%E%Eré%fri QR eOf WMRHET state of
does not vary on ticle Of the support carrier

a Bt idnd, thlae;r afs0r % 1t@ i quphbaen berogef ‘&Heh%'i:eatment,

i nproved. [O ] I f vapori zation of water during
inhetilchgd the tantt beeelircbe Wat ebnieyted temeyed
before the ysis of the base precursor is

pr@:@mplie:tam,ari@ cblmelmekn)ed.t hBopeeer pi $@lbs tan®ys NOthSL than
supplied sufficiently. Therefore, usually, conplete
thecaboale-deswatibed stcdedstt ededégprablfymetadushla awndy the
that the water is renoved conpletely over 1 hour or
pregipitaptepzeghirgod mayr beoinneng, saatef.urt her
preferably 6 hours or nore after the heating is
[0dB41dt ed and the precipitation

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 temperaturé 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 fequired 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. - 84 - [0187] If
necessary, the resulting catalyst is washed with

wat er, an al kal i ne aqueous sol ution, an acid aqueous
solution, an organic solvent, or the like and is
dried. Thereafter, firing is conducted in an

at nosphere of an inert gas, e.g., nitrogen or argon,
or an atnosphere of an oxidizing gas, e.g., air or a
di |l uted oxygen gas, so that @& -solid acid catal yst
havi ng a desired performance can be obtained. The
heating and firing tenperature at this tinme

S
SRSk SO DTN by s

actijvit tahility of the resulting solid acid
m:cg"oa{rleyé)%f g{é‘% tLje1(?:ie‘?rrlr&}ﬁ(?lve'd by conducting the

[Oq%%ge-described heating and firing. [0188] (8) Solid
acid catalyst The crystallite size of the netal oxides

aci AnE ParyA' 8k SHe R E Te R PRRE LB B PEEA"EhE e

impt ednhftebaniscderepdl RGy 8@ tbaduiRedfint R tdlke in which
el enent, the anount of “support, the type of the

thedlksiipport! Bariikerdoegndoll abveadd tihe al ifk&ed-HeWeyehting
in the case where the sanme netal salt is used and

apphepansat.i OHowsveppdpateficl 4hly hénsehe easeniheéte a large
support, the same carrier, and the sanme firing

amoamdi bifocatbigstcrigs palepatredsi 2& hecoowrs pA¥ferabéesthat a
of the crystallite size

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]

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,
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.



85 in the case where preparation is conducted on the
basis of a known technol ogy, preferably 80% or |ess,
and further preferably 75%or less. This crystallite
size. is calculated fromthe half-width of an XRD
measur enent peak. [0189] 1In the solid acid catalyst
obt ai ned by the nethod S according to the third
aspect, preferably, the anount of the supported netal
hydr oxi de and/ or netal oxideg4elative to the carrier
is 0.05 to 40 percent by weight and, in particular,
0.1 to 30 percent by weight. [0190] [Process for

0 rgguction of polyether] The solid acid catal yst

[ BP uced by the process according to the third aspect

s GRUeaBLuausedchs BocROLYNT EARLYANLCRL Y ShehNyE bR

ron-o | yethers par
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soli1d aCI cat'a yst according to t he present I nvention
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[O I'n fhe case where pol yet hers are produced by
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ethers, exanples of cyclic ethers to be used as the
oxﬁdWZﬁhbe@baISefgr tAer86r 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. Thé 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
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reaction include cyclic ethers in which the nunber of
carbon constituting the ring is 3 to 10. Furthernore,
cyclic ethers including alkyl groups, hal ogen groups,
acyl groups, and the like as substituents can al so be
used. Specifically, tetrahydrofuran, oxetane,
oxepane, 1, 4-dioxane, 2- nethyltetrahydrofuran,
3-met hyl tetrahydrofuran, and the like Q are used. Any
one of honobgeneous pol yner+z&i-en by using nerely one
type of cyclic ether and copol ynerization by using at
| east two types of cyclic ethers can be conduct ed.
i Q3. elgla ri.NQg- Qpen) I rization_.
mE eact i on eo?’%(%%e)b’crfé%%gtelt eﬁ%l swog%ﬁ%%c%qegq n%[ehg’alSls of a
f car [ drj d/ qr
oA oy © BRPU MO0 B A carener
pré& s 1507550 o P%g%@nefgﬁs c?%%?%ﬂii eoéiﬁéoﬁgthglcalated

car boxyl'i ¢ anhyd es and/ or oxyl1c acrds havin
frén Ehk? HearlQn gRhoBE At X#Pethe adRdemdin® §Jcalkl.y those

having 2 to 8 carbon atons are used. These carboxylic
[oawydri des and/ or carboxylic acids may be used alone
or at least two types nmay be used in conbination. it

i s Tavenabkelifaacibecavabpxy| bptanhydr bgetnadhetnhbhe
carboxylic acid is added usually at within the range
acgordify toothelthiwdeaspkict) peleferabllyq tthe ayolint of the
ether. [0194] In the polynerization reaction, a
supporded imeietli wydroxitkeanddoti ortednoxlise elasdae ko the
general , at |east one 87 type of aliphatic _
cagydedcasbn05atendli pengenschybveightdande 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



i ke inactive to the ring-opening polynerization
reaction is used as the solvent. [0195] A generally
adopted reaction form e.g., a vessel type or a tower
type, is used, and any one of a batch systemand a
conti nuous systemis adopted. 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 polynerizedggMih agitation (batch
system) and a nethod in which the cyclic ether and

t he carboxylic anhydride and/or the carboxylic acid

S L 30 A e
Th t t
°°?}L§‘%Jet‘i§&“n?c3§ ev?,po‘ﬁ‘ﬁt S o e
et[é‘%t]‘gs?]m neg“*ﬁ%g{%hﬁfyb%ef"%%ré . ﬁ%ﬁx"ﬁﬁ%‘aﬁ%‘er B Bgwd aroups,
aﬂHntH§m¥iﬁéc§gl ub%ﬁf%ﬁ@ﬁtsEgé 24 ﬁe L3ckhe Qgggpfically,
type reactor, anount catal ySt i'S too Sha

tét'l%rﬁﬁﬂ(ff‘%ﬁ‘%ﬁt ot icke a%%uch4 eel i f
the dnount is too large, re a po ynMeri zation

met@ai] tRRGARR rd fufrany! t3-m|:elt|htyt1@:@€‘i'ra%yd‘°r'o%‘?:ant hendl ¥heY 1ike
concentration of t he reacti on SySt emi1 Nncreases,
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occur in separation of the cat Fyst and the reaction

melrieqyi dnaf ttgipet o€ 8§cldenpitairoandl cope lpaleyiiebitaan oF
reaction. Therefore, the wusage of the catalyst is

usigugalalty leelséctted Wiyplkisnotfheycdigeethers 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. 1In 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
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.
[0194]

In the polymerization reaction, a solvent inactive to

the reaction can also be used. 1In general, at least one
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of 0.001 to 50 tinmes on a weight basis relative to the
liquid phase, preferably the range of 0.01 to 20 tines
on a weight basis in consideration of the reaction
formbeing the batch reaction or the flow reaction.
For the flow reaction, the usage of the catalyst
refers to the anount of the catalyst relative to the
amount of supply of the liquid phase per unit tine.
[0197] The reaction tenpesag@lre is usually OC to
200C, and preferably 10C to 80C. The reaction
pressure nmay be any pressure insofar as the reaction
st [ | |.qQ to maintain _a |iquid se _at that
o5 B A St ey g el A e aB R togm g the
e .nor pal . pre re ) .nref.era . .
L IR B SIS Yt don s
usSREGS 1§ o1l €d. However, in consideration of
both the reaction tinme .and the anpbunt of catalyst and
[oirysgonsi deration of the yield and the econom c
effi'‘ciency, preferably, the reaction tine is within
theArgaﬁ@r9119-Adb?t8@ beHEsioandoPhef 8 gbl YaW 8581 type
the range of " 0.5 to 15 hours. In the bafch system
ort ke toRgt it9pel,i A8 us@UST Snko adyP@NeOG£f LOBaltll® BYskem and
intime when the tenperature is raised to the
a creattinnouksesyertemuie adbipltedhe Ex88pléesathépBofSinclude a
finished and the cooling is started. In the
metcdodi inowhishstbe cykd iceathiean theeca¢hdystti,oaad the

residence tine of a reaction conposition liquid in
cagbhexydact enhydride 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 usége 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
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[0198] In the case where a ring-opening polynerization
reaction of tetrahydrofuran (THF) is conducted by
using the solid acid catalyst produced according to
the third aspect, a polyether having a nunber average
nol ecul ar wei ght (MWh) of 200 to 80,000 and, in
particular, a lowto mddle nolecular weight of about
200 to 40,000 can be obtained. Furthernore, it is one
of the features that a polyetther having a narrow

nol ecul ar wei ght distribution can be easily produced.
That is, there is a great demand for a pol yether

o T eg e .ﬁ’é’%’f‘%gﬁzél%yi%&s lrie?%%*ﬁzéﬂi-i"x’ﬁ?‘%.r?.fﬁaer the
! 3.4 , t0:.3.0,
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ofl @.0008 RLESONL imBkeBH ANwelidnRabhkqyl 26121162 20 the
preferable condition of the present invention is

li%%ﬁ%@?ﬁ@se@ pE@Eﬁ%ﬁBQKﬁ}ﬁéian@engVOU@ﬁrQW 7Bl @G on a
wei ght distribution Wh of about 1.5 to 1.8 can

wedlgh® Basqbt annednshBeeatebn offhenki ekdceliohNeoRrmOBESGhy the
is allowed to becone 25% or nore, preferably 30% or

batehe reagndohubirheheEe od5Yeattiohe. FoExan®! £5omNgeaction,
conparative exanples] [0199] The third aspect will be

theunshge sfiethki cakthyydeseeifbed 86 thel amownthof the
reference to exanpl es and conparative exanpl es.

cabgwyetr refetfivel boi hheermaphésofiosnpplyi oift theeliqopd
of the present invention. [0200]

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
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In the follow ng description, the yield, the nunber
aver age nol ecul ar weight (M1), and the nol ecul ar

wei ght distribution (Mv M) of polytetranet hyl ene

et her glycol acetic acid ester (PTVME) were detern ned
with GPC (gel perneation chromatography) described
bel ow. GPC apparatus: GPC 8220 produced by Tosoh
Corporation Colum: TSK-GEL H 30 cmXx 2 units
Detection nethod: R Col uam8? enperature: 40C Moving
bed: THE Flow rate: 1 m/m n Anount of injection of
sanple: 500 | Sanple concentration: adjusted in such a

that. t . ' f l.yether 0]
el oM 1 TAn SR L ] ol e AR A0 TER che
I e Rk AL | sqly 14 scat alsyst > [ at i f
coifﬁplr egn%t isgﬁt%gq’uthﬂgﬁ]r%%ctctelr %83:'%‘? ge#rz?rt;%.g% ffjlr%%qd%nce
iR e AR USRS HYIHiitABn QRRAW S BheSHidaRRRoN
Metal & Chem cal Co., Ltd., - 91 concentration 18.12
[oR®sgent by weight in ternms of Zr02) was blended with

18.72 g of desalted water, m xi ng was conduct ed

hompgesreush¥e WwhereeauklihggopexntHgepvagmbkendesdow th
11.84 g of urea and m xi ng was conduct ed

rehendiganedusley rabyals-ofirapy §TAFY dB icvpdegrad ®y using the
solution. The resulting solution
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 to 1.8 can also be obtained. Moreover,
the yield 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



was bl ended with 80 g of Si02 (produced by Fuji
Silysia o Chem cal Ltd., CAR ACT Ql5, particle
dianeter 75 to 500 m average particle dianmeter 200
m pore volunme 1.16 nm /g, average pore dianmeter 15
nm, and inpregnati on was conducted by pore-filling
(the anount of inpregnation solution was 100% of the
carrier pore volunme) while mxing was conducted by
shaking for about 1 hour. {0202} [Heat treatnment] The
carrier inpregnated with the above-descri bed

i npregnation solution was put into a 500-ml

oo EF G Ereae TS, B EdabbaRl o BrbBlsstitsorrietibies-
ool S EoAAPLal SARETREr MY, nbE AIRUCERE oBell g ene

pﬂ@é@ﬁtalﬁbéﬁﬁlbﬂ a rotating shaft of a rotary drier.
The rotating shaft was rotated at a speed of 10 rpm

[obfe® tenperature of the drier was set at 105C, and
heatlng was conducted for 6 hours. At this tinme, it

WasTASERE! BbNeEw DY gt Bes¥el PhiokDapRe 9béid90%hefnwﬁ585
in the |npregnat|on sol ution renained. After

avedtayedmblkbeuddr feligad \Wwl), gbﬁasthléoinoﬂbchtlaruméﬁ_@ht
portion was renoved, the tenperature of the drier was

dlS&tlbhtlBﬁC(MaMﬂnheaEI polvaestranedhglledef ethd Qayesl
[0203] After the joint at the upper portion was
acedrnpovedidt ketere(PEMEY) uweref dehernined washséPCat(gel
140C, and heati ng was
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.,



conducted for 4 hours so as to renove the water al nost
conpletely. The heating and rotation were term nated
after a lapse of 4 hours, and the catal yst was taken
out. [0204] The catalyst was transferred to a 500-n
beaker and stood for cooling to roomtenperature.
After about 300 ml of desalted water was added,
suspensi on washing was conducted for about 10

m nutes. The catal yst was fidfrated and was
transferred to the 500-m beaker again. The
suspensi on washi ng was conducted three tines in total.
The catalyst was air-dried and dried with a drier at
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pol yether> I n a nitrogen atnosphere, 133.5 a of TﬁE

cheid 8189t .9f carGalcic panhy ¢airdacier aiBiete? 35506- BH0 um,
four-neck flask and were mxed with agitation. In a

avlirhigegparaticieplddametero® 09 paf, polredvacugecatabysl /g,
obtained in the above-descri bed :
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



preparation of solid acid 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 reaction liquid was analyzed with GPC so
as to neasure the degree of conversion of THF, the
nunber average nol ecul ar weight (M) of PTME, and the
nol ecul ar wei ght distribution (MM M).' As a result,
t he degree of conversion wasb6. 3% M was 2,563, and
MV WMn was 1.88. [0206] Exanple 2-2 A catal yst was
prepared as in Exanple 2-1 except that an
A npr.e na ion _soluti prepared b dlssoIV|n 6
fl&'-{%aif% the st BR9dnebr HIE § gﬂfy@éﬁéowa\Sssg Vgd, the
esalte er addln 11 84.9 rea th
Ce R AERE Ry ST o RS drdBheMFY RESorsetner Cradntl Saacaudnyas
h resu catal yst. The average crystallite
cogﬁtheh %OF %§|b%g%gun1OX|de determ ned on the basis
[0? tthe XRD neasurenent was | ess than or equal to the
omd limt (10 A) - 94 of the detection, and the
amﬂPEePftﬁé’ pﬁ’@iﬁ@‘ja%' £ﬁ@nﬁg§ér ogsbﬁsl&ﬁswég Qﬁﬁ%&&?t the

by weight relative to the € anount o

teﬁ@bﬁhlﬁke EﬁetﬂégHQQlewﬁgngéESanIW@9C55aﬁé?heHQ1W@Swas
, 520, and MV Mh was 1.87. [0207] Exanp e 2-

coﬁahatéatfm@sgphenaéedpaaslﬁoExaﬁbb@ 2hé Q&ﬁ@@taﬂﬁabt
an inpregnation solution was prepared by dissol ving
compl@bely. 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, suspension 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



of zirconium sul fate aqueous sol ution (produced by
Shin N ppon Metal & Chem cal Co., Ltd., concentration
15.1 percent by weight in terms of ZrQ2) into 56.95 g
of desalted water, adding 23.78 g of urea thereto,
and m xi ng honogeneously. A polyether was produced by
using the resulting catalyst. The average crystallite
di ameter of zirconium oxi de determ ned on the basis
of the XRD 0 neasurement wag3 22 A, and the anmount of
supported zirconium oxide was 16.9 percent by wei ght
relative to the entire anount of the catal yst. The
egree of conversion was 51.2% M was 2,252, and
Ca%ﬁ%ﬁfeimas 1.87. [0208] Exanple 2-4 After 86.80 g of
[Oéwgﬁoniun1oxynitrate aqueous solution (produced by
Ni ppon Metal & Chemical Co., Ltd., concentration

<P}%dé%f§% C%%t ?ﬁ esa ?é interms of ZrQ2) was bl ended

d water, m xing was conduct ed

95 Ihogoamegé YathBE h@%g'tw g1yt YEen he@d§9 g of
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th 10. 84 anmon un1b|car e gra
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was added thereto, and m xi ng was conduct ed

wel@MasRAOuSHh 3Qidatlionlr epar 8 ﬁﬂttBBéﬁgﬁﬁthﬁhere
solution. The resulting solution was bl ended with 80
0f0fs013id0Ac(igr editad§sky obttjalinSidl Wei & hehamosal- dlets@r,lbed
CARI ACT Q15), and inpregnation was conducted by
prepaeaftiiloni of Ebiddaewidt catalyst was weighed and added to

4. 68 g

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 A)



of inpregnation solution was 100% of the carrier pore
vol unme) while m xi ng was conducted by shaking for
about 1 hour. [0209] This was put into a 500-nil
pear-shaped flask, and a solid acid catal yst was
obt ai ned 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 1.5 $u+s. The average
crystallite dianeter of zirconium oxide determ ned on
the basis of the XRD neasurenent was 22 A, and the
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MIEXAP! £, 5%01 AL mBUurbGad f, g7i.r coni um oxynitrate
aqueous sol'uti on produced by Shin N ppon Metal &

[o@wen cal Co., Ltd., concentration 18.12 percent by

weight in terns of ZrA2) was blended with 18.72 g of

desaku@@glwapes, m xing was conducted honogeneously.

The resulting m xture was blended with 11.84 ¢ of

ur ea, candlysxi wgswptepanddcaed inoERrgapdeuly excaptt @hat

prepare an inpregnation solution. The resulting
ansglmpriegmation 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 ZrOj;) 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]

Example 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 Zr0;) was

blended with 17.84 g of desalted water, mixing was conducted



was bl ended with 80 g of SiQ2 (produced by Fuji
Silysia Chemcal Ltd., CAR ACT Ql5), and inpregnation
was conducted by pore-filling (the anount of

i mpregnation solution was 100% of the carrier pore
vol unme) while m xing was. conducted by shaking for
about 1 hour. This was subjected to drying at a
reduced pressure and, thereby, 97% or nore of the
water .in the inpregnatioenopolution was renoved so as
to obtain a support carrier in which a dried netal
salt and precipitant precursor in a solid phase state

d Thi ' -
A HIBN k R B G AL B llen 100
A ey
e e

wa%”@%ﬂhueﬁeﬁuBBBBb%ﬂeEhEﬁgnEH”hgxigeﬁggé?}g%g?ﬁzﬁﬁﬁghnation

y weight relati've to the entire a

sodatabnst - TR red@2Blqg AsPPhYEIMNETadas] PEAMMGEIL RS8O Ny of

Exanpl e 2-1 except that the resulting catal yst was

sigse rEBﬁcé&gbﬁﬁFﬁﬁiCQmY & $h 0ObheM@Sa 291880 , MaRRECT 015),
3,0 8, and Mwv/ was 2.01. [0214] Conparative exanple

and- AmprtghaBlofbwgsotontetaiubyopyhet Fal BiAguUEOHE amount
solution (produced by Shin N ppon Metal & Chem ca

ofCampregdatiocorogéntiahi was18002 pérthat chyriergpodren
terns of Zr2) was -

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]



bl ended with 27.72 g of desalted water, m xing was

conducted honogeneously. The resulting solution was

bl ended with 80 g of SiQ2 (produced by Fuji Silysia

Chem cal Ltd., CAR ACT Ql5), and inpregnation was

conducted by pore-filling (the anmount of inpregnation

sol ution was 100% of the carrier pore volune) while

m Xi ng was conducted by shaking for about 1 hour.

[0215] This was put into & %$90-nl pear-shaped fl ask,

a joint and a curved tube filled with glass wool were

connected to the upper portion of the flask, and a

the@gaﬁg \WAS cted to a neasurenment portion

Ther ea tg%,rtl}(}%ee?(%g@g% %ag fixed with a clanp to a

r ot atel af f o [ : 0 [ S .

oo ot o 5¢ § S EaTSPhiGN ShynifEReraBbale g8 e ion
(R d oM 15PN ifpo) Met ANG RGARI IRG VRS, . CARYICt ed

for 6 hours. After the curved tube filled wi'th - 98
calaat rdloratl €.NQ HRRIerROHy Qi L HIMR\GGhs 0Fe 2r0,) was

tenperature of the drier was set at 120C, and heating
blwasleeb it a® .7 g bE [esad.t d0 Abdler ,Altigindh&rgsOidinducted

at the upper portion was renoved, the tenperature of
hamogyedrdcarslyas $he aesildOfngamdxbeati ngswhiendeddwdthdll .84

for 4 hours. The heating and rotation were term nated
g &ft airea | @avsk mifxifigheaass coaddictties dammigesteonsdy tsakers to

out. [0217]

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 é 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.



The catal yst was transferred to a 500-m beaker and
stood for cooling to roomtenperature. A solution, in
which 35 g of ammoni um bi car bonate was di ssolved into
350 mM of desalted water, was added, and agitation
was conducted for about 10 m nutes. The catal yst was
filtrated, about 300 mM of desalted water was .added
thereto, and suspension washing was conducted for
about 10 minutes. The catatyst was filtrated and
transferred to the 500-m beaker again. The
suspensi on washi ng was conducted three tines in total.
[obhg] catalyst was air-dried and dried with a drier at
120C for a night. Subsequently, firing was conducted

at R0PG1{etner ©aNr sr¥bihbedt B8 2h'ewasppassed égcégttehat
obtain a solid acid catalyst. The average crystalflite

théi FeBLetiol ZhtedRistmyagxiudeddet enai Aegrea bhecdasbssion
of an XRD neasurenent was 30 A. The anpunt of

wasupPQBstedMai kaenBym1e%i dadwas /6. ¥apencent, by 99

wei ght relative to the entire anount of the catalyst.
[0RQ@2138] A polyether was produced as in Exanple 2-1

except that the resulting catalyst was used. The

degferpafativeecesanplewas245. 7% M was 2,947, and

MV M was 2.03. [0219] Exanple 2-5 After 89.66 g of

zi r3bheunddx§hi 9raf ez aycenlgmsokynibnate pagdeces $glution

Shi n Nipgon Metal & Chemical Co., Ltd., concentration
(pxgdugegdepyefihipy Nd@PgRt MehateknShemigadpFonas Lty ended

with 20.65 g _of desalted water, m xing was conduct ed
concentration™18.12 percent by weight inh terms of ZrO;) was
blended with 27.72 g of desalted water, mixing was conducted
homogeneously. The resulting solution was blended with 80 g
of SiO; (produced by Fuji Silysia Chemical Ltd., CARiACT
015), 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 measureﬁent 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



honogeneously. The resulting m xture was bl ended with

6. 74 g of ammoni um car bonate gradually and m xi ng was

conducted honogeneously. After 11.84 g of urea was

added thereto, m xing was conducted honogeneously so

as to prepare an inpregnation solution. The resulting

solution was blended wth 80 g of SiQ2 (produced by

Fuji Silysia Chemical Ltd., CAR ACT B0, particle

di aneter 75 to 500 m averag¥ particle dianmeter 200

m pore volunme 1.21 nl/g, average pore dianmeter 30

nm, and inpregnation was conducted by pore-filling

e u [ nat.i ol ution was 100% of the

T1B5ET BT 8 st TR tadrd Loy Rt Tai e Fppbitature

S [ f o] 1_houyr,,o[02 [ ut, i
o GRE R el vERoHEY pRadp0 TR nifiy il eoileRa for
16Cabalkkst. was obtained by conducting a series of

heat1 ng, washing, and firing treatnents as in Exanple
[031¢] The average crystallite diameter of zirconium

oxi&e determ ned on the basis of the XRD neasurenent

wasp28eA tREJjoiHE aHOHRE @ppEHPPELrt 88nZihS0PEMBVEY) dEhe

was 16.9 percent by weight relative to the entire
teapetatuek biietnat dlrielr. wh8224kk ah pabyethahdwvasating was

produced as in Exanple 2-1 except that the resulting
coadualtedt foas 4uhedrsTheThegheat biig cand erstationasere

52. 7% M was 2,875, and MV Mh was 1.85. [0222]
teEmanptedzaGter 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



After 88.01 g of -zirconium oxynitrate aqueous sol ution
(produced by Shin N ppon Metal & Chemi cal Co., Ltd.,
concentration 18.46 percent by weight in terms of
Zr02) was blended wth 26.83 g of desalted water,
m xi ng was conducted honobgeneously. The resulting
m xture was blended with 11.84 g of urea and m xing
was conduct ed honogeneously so as to prepare an
i mpregnation solution. The-rggulting solution was
bl ended with 80 g of Si02 (produced by Fuji Silysia
Chem cal Ltd., CAR ACT B0), and inpregnation was
conducted  .by pore-filling (the anmount of inpregnation
Wl ol Al FO0RRET it B OB (SR (61 GBS e
qbggng was conducted by shaking for about 1 hour.
[% 3] - 101 This was put into a 500-nl pear-shaped

k Lid i,d I Lned b
o8P focs b CoRphlrEa: Ry Eh, MEARRL 10 pRtppy enar
. ' - h he heat.i .
e PR AT ATALE, b (568 abdeko!BF BERE-Phicn

OIS 0 h S. a a y N di anet er of
RGP S S PR i A L e

(opmasurenment was 28 A, and the ampunt of supported

zi rconi um oxi de was 16.9 percent by weight relative to

t hegxempieez2asgount of the catalyst. [0224] A

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

t heafesul 89 g6 cqt af ysirveniusedxylieradegr 8guébus solution

conversion was 41.9% M was 2,436, and MV Mh was
(ptoddced by Shin Nippon Metal & Chemical Co., Ltd.,
concentration 18.12 percent by weight in terms of 2r0;) was
blended with 20.65 g of desalted water, mixing was conducted
homogeneously. 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 SiO; (produced by Fuji Silysia Chemical Ltd.,
CARiACT Q30, particle diameter 75 to 500 pum, 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.

[0220]

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



[0225] Conparative exanple 2-3 After 89.66 g of

zi rconi um oxynitrate aqueous solution (produced by
Shin Ni ppon Metal & Chem cal Co., Ltd., concentration
18. 12 percent by weight in terns of ZrQ2) was bl ended
with 22.72 g of desalted water, m xing was conducted
honogeneously. The resulting m xture was bl ended with
11.84 g of urea, and m xi ng was conduct ed
honogeneously so as to prepgpe-an inpregnation

solution. The resulting solution was blended with 80
g of Si2 (produced by Fuji Silysia Cgenicgl ttd
\Ri ACT (80 d t uct.e
w? #i@%ﬁﬁéﬁ%%%ﬁ%ﬁgé%%%mwﬂWM§ﬁ
2 10096%f the _c rrler ore v% ng whi | e n1X|ng m%
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t {
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a'series of heating, washing, and firing treatfrents
[oagiijn Exanple 2-1. The average crystallite di aneter
of zirconium oxide determ ned on the basis of the XRD

neasUpehpathabswad produted toe BNOREAmPE] e S2PPOELEEbt that
zi rconi um oxi de was 16.9 percent by weight relative
theorthelemnhygr cababyat whst hsedat aflystdegree 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 aqueous solution
(produced by Shin Nippon Metal & Chemical Co., Ltd.,
concentration 18.46 percent by weight in terms of Zr0Oy) 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 SiO; (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]



ff)

[0227] A polyether was produced as in Exanple 2-1
except that the resulting catalyst was used. The
degree of conversion was 13.0% M was 3,167, and
Mv Mh was 2.13. [0228] Conparative exanple 2-4 After
89.66 g of zirconiumoxynitrate agueous sol ution
(produced by Shin N ppon Metal & Chem cal Co., Ltd.,
concentration 18.12 percent by weight in ternms of
Zr2) was blended wth 3% TIR1g-of desalted water,
m xi ng was conducted honbgeneously. The resulting

- solution was blended with 80 g 103 of Si02 (produced

sol uti 2o ¢
iﬁp?gg%agléxgggsg?gghggk g“@% Bo6fes Ag%?l % ’ Gand a

st 5of JaTRGEARALAAN OB el bya%o}l%éoﬁg\ ”ae eries of
carrier pore il Wwas con 8 6

he%&qmbngwﬁgﬁlﬁgouﬁna fggﬁh F %taCI u%s'&h°E§aﬁ§9en% 1

pear -shaped f I"ask, catal st wa

ex@ 'Q%@tbihgeﬁbbﬁgnésatnanQQEBaE@hbé%a%ﬁ§@pb? 303°C was
by conducting a treatnment with ammoni um

chbh@%ﬁb&&@hﬁﬁ sepacatbon BbuasCatvhyShivéhagedbrystallite
filtration, washing, drying, and firing as in

dlammm@mabmve1renaﬁnheoziae deeeamenhade ol ¥okabhstie of the
di aneter of zirconium oxide determ ned on the basis

XROf mehesuXRRemtagase@8nh , wand58heAamandtt bé anppbitef
supported zirconium oxi de was 16.9 percent by wei ght

ziggpatiume oxddehwaenilbr@ prvgentobyt reigbat akystivp0229the

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 Zr0O;) 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



O

A pol yet her was produced as in Exanple 2-1 except that
Uthe resulting catal yst was used. The degree of
conversion was 35.9% M was 3,943, and M~ Mh was
1.97. [0230] The results of Exanples 2-1 to 2-6 and
Conparative exanples 2-1 to 2-4 described above are
shown in Table 2-1 collectively. [0231] [Table 2-1]
104 Production of polyether Type of Crystallite size
Degree of carrier (A) conwengipon Mh MV WMn  Exanpl e2-1
QL5 22.56.3 2563 1.88 Exanple2-2 Q15 lower Iimt 55.1
2520 1.87 (10) or less Exanple2-3 Q5 22 51.2 2252

ol oty 5% éa%%f@r%f%zgfpiaem 562»%%&%%%%&@%2@md
2947 2. 2-5
1 S8 e 26 YE T JEUEL. o865 8 TRegRREHat Py ALY NG
atQ%Qré%u%%doﬁ%ggéu%eg%ndgx%m@f%%y, 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 i, 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 agqueous soiution
(produced by Shin Nippon Metal & Chemical Co., Ltd.,
concentration 18.12 percent by weight in terms of Zr0O;) was
blended with 31.72 g of desalted water, mixing was conducted

homogeneously. The resulting solution was blended with 80 g



Conparative B0 53 35.9 3943 1.97 exanple2-4 [0232]
The following is clear fromTable 2-1. [0233] As is
cl ear from conpari sons between Exanples 2-1 to 2- 3
and Conparative exanple 2-1, the performance of the
cat al yst obtai ned not by the honbgeneous precipitation
method in carrier pores, but by drying the inpregnated
carrier so as to allow the netal salt and the

preci pitant precursor in-the3si apregnant to becone in
the solid state and, thereafter, starting the heat
treatnment is poor. [0234] 105 Likemﬁse as is clear

ffcoﬁagr TERGE BRI Koo P53 g ar Fheives” &%dsvagARlACT
RO naht bt Ag W the&@&?@%ﬁe BRI g | @
anldiRie® .g’gﬁt ibrdheith Bohid oh ké‘lsml?’rotér&%fﬁgﬁ%ul%ﬁr Jer, pore
vAe %hhﬁ%ﬁghxﬁ th%Eg%B%Fggifdgbgl%%rkéqyﬂfor about 1

conmpari sons

ho@&‘ma'i'ﬁ‘iéVﬁa§X§H§| 888" 2 §6‘§| B1%peaflOhbpbd’ e34LkS 3h8 a
obtained in the case where dlfferent carriers are

soused aclieiceftangsti twalsS obl@anedn @l h@%tﬁh%c%%sln
according to the third aspect, in which the

Compegeiceusxappie P23t aad 59th@ﬂdh&t@@@duCEQ@amment with
carrier pores, can
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 on.the 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]



produce a hi gh-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

pol yneri zation in the presence of a catal yst, when a
pol yet her was produced by using a solid acid catal yst,
whi ch contai ned at | east -one4type of el enent selected
fromthe group consisting of the groups 1, 2, 4, 6,
g9 12 13 14 15, 16, and 17 in the perjiodic
tabl e and whi ch s capablje of ﬁHRkﬁ8$EP€dg%ﬂ$}3elf
cyclic efher to rf cgr<e4K8iing 105 pol'yneri zati on, as
y5YPe ehel average npLegklsarl Wei ght Jof the

F8TFEt her vas all &.Lo.RG leasy  &f figignt |y
d at a desired vaIueU%bth ut advergely

noeanuant iy + hao

rOrSrereTTrTT

speat has begn cqnpl ged. [[02363 Thatiss,

of the flourth aspgect resides in a process
leweolimdtlher cehar gct esbged | b

tlher s&par act ejshg Y 187
g1@fordedsilect ing alcyclic etlther to a

rin eni pollynmerjzatifon Lp,thg pr nce of
&5 37 ) 232" V8

E@%?%F%%t, whereiln a Catallyst, 'Tn whi C |l i d "aci d

cat gl yst| c ai ning ,at | gqast e tlyp ellene

Examelet &y frgﬁ#t hd grdup cons?@ i ng o&sgﬁe grouﬂé-’ 1,
1

Ek&HpIED-1

tthe_qist
~J

Ceémpératibe| 8, 9, 14, 13, 14, 15 16| and 17 yn the
ROl taBile and béi’ng dapadl® of 3019 2.0
Comparative| 5 30 45.7 2947 2,03
example2-2

Example2-5 | Q30 28 52.7 2875 1.85
Example2-6| Q30 28 419 2436 1.73
232’;:{:;2’; Q30 7 13.0 3167 2.13
Comparative| 3 53 35.9 3943 1.97

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]



subjecting by itself a cyclic ether to ring-opening
pol ynerization is allowed to contain at | east one type
of $-~ metal 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, is
used as the catalyst. [0238] In the fourth aspect,
preferably, at |east one type of solid acid catal yst
sel ected fromthe group cengpsting of netal oxide
catal ysts, conposite netal oxide catalysts, clay

catal ysts, and zeolite catalysts is used as the solid

bl e of b by i f
PSR R Rl poasies

and/. or nlck i S u

ho%%gbtal Ieneﬁ%rﬁgggggkﬁgpﬁég i‘n Vh3%§b|l EP%%CG of
th%aE%kﬁigs%ngbtégh%gt%@t %gn}h%eh%he%%n%%ﬂ '%&E@%Pétagion

the peri odi

me&@%ﬁQLnPE§E§r@Q|§8r%E l%ﬂitbg guk¥ﬁﬁ o%h%oEBQr?%

cat al yst sel ect rom’the up co SI stin

1m@§b@hﬁ%ba,w1%h|tﬁ@ ak¥A1N34181 lihed- EhEaﬁUialﬁngolutlon and
ilica-zirconia is used as the solid acid catalyst

sup@aylilng ehesubkacti Fgom enel batsehberist @obirNg- openi ng
pol yneri zation. [0241] Preferably, the catalyst is

[opB6guced by allowi ng the netal hydroxide and/or the
netal oxide to be supported in

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 produéed by using a solid acid catalyst, which
contained at least one type of element selected from the
group conéisting of the groups 1, 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
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pores of a carrier by conducting a honobgeneous
precipitation nethod in the carrier pores. [0242]
According to the process for production of a polyether
of the forth aspect, the average nol ecul ar wei ght of
the resulting polyether can be changed nerely by
changing the conponents and the conposition of a
catal yst to be used wi thout changing the reaction
condition nor adversely affiggti_ng the performance

ot her than the average nol ecul ar weight. 108
Therefore, according to the fourth aspect, a pol yether

s 55 A BT i s
S B AR 28 1% LS,
<AL A TP o R SR TGP R cery
e e SUAR LI, Bl 9RCEl, P

as € Ne@NHRRIS coliite 4t .he bounds of the gist. [0244]
Catalyst] The cgkalyst to be used in the fourth

[o23pgct will be described. The catalyst to be used in
the present invention is a solid acid catalyst

al | oned i, conéagise peehéi oiBtR! aspberepbsiEBE in a

group 3, 5, 10, or 11 in the periodic table).
process for production of a polyether 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 catalyst selected ffom 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
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[0245] <Solid acid catalyst> In the present invention,
exanples of solid acid catalysts include zeolite and
the |like having crystal structures of MFI, 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
alum na-titania, in which a plurality of netal oxides
are conbi ned; support type aoi7d—catal ysts in which -
109 netal oxides, clay, or zeolite serving as
carriers support netal oxides different fromcarriers

.0r conpaunds having an. acidic property; and clay and
IO 98 ,n%aQ§1YWﬁ§¥%é£%3?'clay. Most of all, conposite
[65? | oxides, support type acid catalysts, and clay

an he like are preferable, and silica- zirconia,

SilEE@T@&HE&??’Sﬁgbk§a%bé?89igﬁcﬁgg[852éfgﬁdagh%hg etal

i ke are partic erable. <Process for

el ngﬁﬂpéﬁﬁl ?ﬁkﬁ Q%i%h%ﬁkgﬁﬁﬁtﬁggﬁp%gtBﬁ ?E@@ es

can pe used as € process ucti on

se1 ¥t AFH Gl A Ko PN ohlds sRIPCLSE iﬁlengfrrgalgs 3, 5, 10,

specifically limted. Specifically, the ction

an@l agessethdepairibedc Rabii@ .above- descri bed Pat ent
Docunent 1, Patent Docunent 2, and the |ike can be

[o2de@gt ed. [0247] It is preferable that the solid acid
catalyst to be wused in the fourth aspect is a
cat Rkgserahlyhi ah aeantabne_type of solid acid catalyst
selected from the group consisting of clay catalysts,
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.



hydr oxi de and/or nmetal oxide is supported in pores of
the <carrier by conducting a honobgeneous precipitation
nethod in the carrier pores. [0248] <Method for
allowi ng solid acid catalyst to contain specific

nmetal el enent> Any one of the follow ng nethods can be
adopted as the nethod for allowing a solid acid
catalyst to contain at 110 |east one netal el enment
which is not contained in-thegselid acid catalyst and
which is selected fromthe group consisting of the
groups 3, 5, 10, and 11 in the periodic table

ey e oL £ LR RoReEh e SEe S bbiyether
neSARL e e SVRR56 BB e o e vien
! . 1 o . .
e U Y AR SR ol 400D LB Y producea.
[0%%% lyst, and (3) a nmethod in which the additive
el ement is added after a solid acid catalyst is

pr epgbedmbalImbhes "BEBOEAhgl £6MA&) folibeh 5§ge&hewill be
method in which the additive elenent Is contai ned at

delsle i3 V1% Wnl Beltha 1.Preeeabt ONtRE Bo$0bkEngci d
catalyst, is preferable. [0249] <Production of

desalrdlptibonby fhesngeieaes tpreaitpireat iign anekhadple (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]
<Solid acid catalyst>

In the preéent invention, examples of solid acid
catalysts include zeolite and the like having crystal
structures of MFI, X, Y, and the like; metal oxides, e.qg.,
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



The process for production of a catalyst to be used in
the fourth aspect will be descri bed bel ow, wherein the
additive element is contained at the sane tinme with
the preparation of a solid acid catalyst in the
production of the catalyst by a honpbgeneous
precipitation nmethod in carrier pores. In the case
where the catalyst to be used in the fourth aspect is
a support type acid catal ystpggpreferably, the - 111
total anmount of supported netals relative to the
carrier, the anount of supported netal serving as the
sol.id gcid catalyst, and .the anmoynt of the supported
metddi OFFEeS e fdRY + Qe ZERd 1AFo FFEY 18 8SnTAEF LGS Support

eGSR0 5 22 ST 3B L TRL S bl o
ool B TP SRR 4% BB e oy
P BBk 58" uRL HEARe B BB S"ERHED "cREEELP!HOBh acia
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coRiYEia s ey, S TR Be it o an sidica

zireBAAEN G, 110G 9808 AR, NG 11A8a-Ri&GNALL 2Bhdl 93t BRd the

precipitant precursor. For the honogeneous

1iRkeeGirl g@&itﬁﬁu'lﬁtr!lwfprietfeirﬁbil@mtant that the netal
salt and the precipitant precursor constitute a liquid

[oplsge, that is, a solution. Therefore, the carrier is
i npregnated with an i npregnati on sol ution including
<Pirbeesgetfalr pabtuasdohhefpeetifdi haitl paealysos and,
t hereafter,

Known technologies can be used as the process for
produétion 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
dsed 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 homogeneoué 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 treatnment for generating the precipitant fromthe
preci pitant precursor is conducted. [0251] For the
netal salt to be dissolved into the inpregnation
solution, a netal salt for generating a solid acid
catal yst (hereafter may be referred to as an "acid-
generating netal salt") and a netal salt for
generating the 112 additive elenent (hereafter may be
referred to as an "additiveijel ement salt") are used
in conmbination. [0252] (1) Carrier The carrier of the
catal yst is not specifically limted. However, netal

1 OXIdeS conquk%%wggéggwgégggg%ﬂggfli%g@sggg theéhé<solld
tani a, .Si

ackd' m@%aﬁ vero e Smgict 33 Zerdad S o) B Sreene

|i ke f I
coﬁkﬂ? B g&g%@ﬁr%iluggaré ¢art.cSP§rﬁ9]gﬁbFeigﬁ%@f%dlc
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sed in |nat|on
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generating neta t For the netal elenen

adQIfanUi]ee iRl 38l PMRIC B st H.Fﬂo thed pRepahatadn I8 a

and which manifests a solid acid
SOlld 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, 1is 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 pofes.
In the case where the catalyst to be used in the fourth

aspect is a support type acid catalyst, preferably, the
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at | east one type of netal elenment of the groups 1, 2,
4, 6, 8, 9, 12, 13, 14, 15, 16, and 17 in the
periodic table is wused. Preferably, netal elenents of
the group 4, the group 13, and the group 14 in the
periodic table are used. Metal elenents of Ti, Zr,
Hf, Al, and Si are nore preferable, and Ti, Zr, and
Al are particularly preferable. 113 - [0255] The type
of the salt is not specificahliy-limted. However, a
nitrate, an acetate, a sulfate, an oxynitrate, a
chloride, or an oxychloride is preferable, and an
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-generating netal salts may be used al one or at
[obg@gt two types may be used in conbination. [0258]
(2-2) Additive elenent salt On the other hand, netal

el enpBt BoMbgbheodsoppediptibatighompthodt he goadacted by,

and the group 11 in the periodic _
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 dissolved 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



tabl e are used as at | east one type of netal el enent
(additive elenent) which is to be added to the solid
acid catalyst, which is not contained in the solid
acid catalyst, and which is selected fromthe group
consisting of the groups 3, 5, 10, and 11 in the
periodic table. Metal - 114 elenents of N, Cu, and
Ce are preferable, and Ni and Cu are particularly
preferable. [0259] Salts-ofll2hese additive el ements
are not specifically limted. However, a nitrate, an
acetate, a sulfate, an oxynitrate, a chloride, or an

ad@MGRIeOTd1@hdnt QhRirladtled: md e lrede r@emidy alse aran
oxychloride, or a sulfate is" nore preferable. [0260]

"atiElt ives dl@mednte sadaivt)i weree @it nS Alomb idatiibmat e, an
acetate, a sulfate, an oxynitrate, a chloride, or an

[o@owchl oride of a nmetal of the group 3, the group 5,

the group 10, or the group 11 in the periodic table
(1i)s Caprdfear abl e, and nickel nitrate, nickel chloride,

copper nitrate, or copper chloride is further

pr @her gbreief02¢1jtheTlvedalywdi tisvenct espextifhtablymyimited.

be used alone or at |east two types may be used in
Hop@visicnamedal Poi62f, €8mpPsdtiepimesnil prddessorzedidte and

preci pi tant. precursor undergoes a chem cal reaction,
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.
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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

i mpregnation solution so as to cause precipitation of

a nmetal hydroxide. 115 Anong precipitant precursors,.

a precipitant precursor which generates a base as a

precipitant, that is, the precipitant precursor which

generates a base through hydddl ysis or other chenica

reaction in an inpregnation solution and increases

the pH of the solution so as to precipitate a netal

o0¥¥s] as a hydroxide or an oxide, is referred to as a

"base precursor”. [0263] The precipitant precursor

for reendypkl BE the Bameggeeaus Bpeeipitatignisribed.is

not specifically limted. However, in general, the
Hob@semr ecwitdaties wsedcdti2ed] a kan flate ,bage oxynitrate, a

precursor, urea, cyanuric acid, alkyl- substituted
chilad det, hioauraan, oxatdhyllomsides tis ybeeslf éduloles caand adm déxynitrate,

conpounds conposed of am nes and carboxylic acids, and
ant joxyichderdde ,useda Brudffertabliy, morea prefamabile.aci d,

and =y~ al kyl-substituted urea are used. It is
[0@&tli cul arly preferable to use urea and cyanuric acid

fromthe viewoint of the ease of availability and

t heTRa&t 1sThEQE bhseacpdegansbatingympbalisedlhl opendtrate,

at | east two types may be used in conbination. [0265]
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



(4) Basic substance Not only the above-described base
precursor, but also a predeterm ned anount of basic
substance nay be added to the - 116 inpregnation
solution in advance in order to increase the pH

wi thin the bounds of not causing precipitation. It is
al so possible to reduce the usage of the base
precursor and the time required to generate
precipitation by using the Bddic substance. [0266]
The basic substance is not specifically limted.
Exanpl es t hereof include hydroxides, carbonates,

elRinfeAtRORAL 5, RIOSRhRL % A AAAEA Of a@id‘@il and Cu are

met al s, al kal i ne earth met al S, and ammoni um anmmoni a;

gyﬂidyuyyyy: *fdiep1 Amoni a; organi ¢ am nes; and
carbonates, bicarbonates, and phosphates of anmoni um

[Gﬂ@@]preferable and ammoni um car bonat es and ammoni um
bi carbonates are nore preferable. [0267] These basic
subshansesfnaliebe agadtalenelemeats| aast not- spkwefically
types may be used in conbination. [0268] (5)
11nnnmmgnaﬂoweventua|nmtthUaLIyn abetatpyr egnatlldate, an
solution is prepared by dissolving the
oxymdraadescri iobdoadide, gomerat ioxychdbalidealils, prieiferable, and
additive elenent salt, the precipitant precursor and,
anlPXYﬁé@é§§§nyantﬁéYﬁQ@P@lﬁﬁbspén@eSuﬁi@tWauérmore
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 periodic table is
preferable, and 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

solution so as to cause precipitation of a metal hydroxide.



[0269] The concentrations of the netal salt and the

117 precipitant precursor in the inpregnation

solution are not specifically limted, insofar as the

di ssolution state is nmaintained and the concentration

is suitable for realizing a favorable anount of

support by a carrier described later. Usually, the

netal salt concentration is 0.01 to 50 percent by

wei ght, preferably 0.1 to_4Gigeccent by weight, and

particularly preferably 0.5 to 30 percent by weight in

total concentration of the acid-generating netal salt

and the additive elenent salt. The precipitant )
Anonge RreGpid et RIFCUHEF S PRECHRddREY PHecaras@t which

sufficient for precipitatin the entire netal salt, .
IEREEREESp IRy DgSE %& & BIRESP trpdhate diSar (fe precipitant
rpreferabl .0.3 to 5 %jnes, as d& cribed |later. .[0270]
PIRUTERLi ¥Pdihs F5REE ATESu Qe BAEFpFOF P SNe My TR ly§df QT other

e ez Fead it el b don, Fol 3 Igh dnd! M reases

sinCe the'p
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and the concentrations o e“metal “salt an
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I'S used at an amount required i n accordance
pricbaggogondi tions. [0271] In order to conduct the
honogeneous precipitation nethod in the carrier, it
[oks3necessary that at |least two types of netal salts
of the acid-generating netal salt and
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
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the additive elenent salt and the precipitant
precursor are 118 in a |liquid phase, that is, a
di ssolution state, in the inpregnation solution
before a treatnent, in which the precipitant
precursor is converted to a precipitant, is
conduct ed. Substances ot her than the above-descri bed
at least two types of netal salts and the precipitant
precursor may be present-i ilény state in the
i npregnation solution. [0272] (6) Honbgeneous
precipitation method (6-1) Method for inpregnating
ISl 1 Wt r.egnat i Iu i 0 r
infEddrR 8 3o R LEY" B ARyabfe %63% @%e dirglze he p
re t | uted [ i mt
wasom e é‘?gb?g“?hg?pi sgigtrabiony nifndy also

%ﬁ%d%ﬁt%@dhEeoEﬂ%ruE%g%|B%Wth%eb%érr Fec®sor and the

un| m'y support the acid-generating rmetal salt and

tlhﬁﬁr%%ﬁh&bﬁet%l%@ﬁ@&a%élbrec151EQ%§oﬁa§§ u%ﬁnbsthe basic
pref erable that "the volune of "the | nprégnation

subgltdinicen, with which the carrier is inpregnated, is
60% to 120% of the carrier pore volune, further
[opwafler ably 70% to 110% and particularly preferably .
80%to 105% If the anobunt of liquid is too snall
t heThenpasjjnasubstantat isnndo specifif¢albyylémnieed.
carrier pores, and nonuniformty results. Conversely,
Exafnpillies &ieyrpfi $ntdoudel Aydeoxtidesi npaehoatites sol uti on
adheres to the outer surface of the carrier, and
bigexrbennsesit phaspbatesul fsd ape2agps 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
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119 Any anount can be selected as the amount of netal
salt to be supported by the carrier through
i mpregnation. However, the anount is usually 0.01 to
50 percent by weight in total of the acid-generating
nmetal salt and the additive elenent salt 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. Usual |y, 1lie-anmount r of the
supported precipitant precursor is specified to be
within the range of 0.1 to 10 in terns of nole ratio,
s ﬂgggq j.cal u ffigi.ent f .
P pre i&aﬁgfing t %?Urgﬁfﬁ?gﬂhg%gﬁ%ggpﬁlgﬁpggﬁ?g&ogyafﬁénot
T 10y 71 ; t r ef I Al :
oy A AR aAn o S PletitvleloR e is
maliFAGE neld Andl &Rhed cdn@ehtlrat(®n?)isMalihedph® f3eN¢e@liiRdng a
and after-treating precipitation A treatnent, e.qg.
fakealable amdiinoRyfe shippdrithdyPaeeapitiant deserdhee 157 .
precipitant is conducted while the netal salt and the
Usraddiypi thet meradusadt, celicehtaae ioauppobt.ed By thepercent
carrier through inpregnation of the carrier wth the
by werigirtat pme fealabiliyo,. 1r €oaid0 perckeatsbgt @edght, and
solution in carrier pores, and the netal salt is
pagtivadaedy prederablyspfohditng 3feparcentlr byi deightt e total
preci pitant honpbgeneously generated in the inside of
copgenggatiien. ofokns] acid-generating maetelpredtr sod ithe

used as the precipitant o
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, énd
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.
[02711

In order to 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



- 120 precursor, and hydrolysis of the base precursor
through heating is used as the treatnent for
converting the base precursor to the base. [0276] As
descri bed above, in order to conduct the honbgeneous
precipitation nethod in the carrier pores, it is
required that at |east tw types of netal salts and
the precipitant precursor are in the state of a
solution, that is, a |liquidllghase, before the
treatnment, in which the precipitant precursor is
converted to the precipitant, is conducted. However,

WO f. I
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heating tenperature can al so be changed over tine

lefalse &@@tk@@e@eﬁﬁehékﬁﬂesbit%OQnHOWhea r%%ﬁ%ﬁ%%ﬁtoﬁrecursor
generation of the precipitant fromth e pr eci pi t ant

mag’ ®eUpiesety ifoangcettater ia hky i@ieghaf8oi¥olR®ion.
taken. If the heating tenperature is too high, in sone

[0@d2ds, the entire water required for hydrolysis may be

renoved before the reaction of generation of the
(6pr Bompigeagpus p2Zecipitation 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 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.

[0273]
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fromthe precipitant precursor is finished. In order
to conduct a good, stable honpbgeneous precipitation
nethod, it 1is preferable that 5% or nore of water in
the inpregnation solution, with which the carrier has
been i npregnated, remains at the point in tinme when
the precipitation generation reaction is finished,
and further preferably 10% _qor nore of water renains.
(r) [0278] The heati ng of tHd%carrier i npregnated with
the inpregnation solution may be conducted in the
state in which the support carrier does not nove as

in anf xedubpedchaabengelappadatys theowas@nt of metal salt
particularly in the case where a | arge anount of

toc dalgigdpdrgat dyared ddrdisermharqug amgddeyridtaton
fluidized-bed apparatus, a rotary heating apparat us,
Hoawetieithe tHe leancamee uisedsaadrlgl ) .t0ie tsudforgemamt dry iweeight
fluidized. In the case where vaporization of water
inpdmbrasl diff it leedtd-gpnedatiing meltiady ech ltthanditdre tadelitive
support carrier is fluidized, the anount of
element Aalitorredfatidaeertaddde wetighdr plothe geamiiede of
t he support carrier basis and, therefore, the
prgfisrabhn Y -0 e difePangendy &y, Weomnd|, and further
vapori zation of water during heatiing is too_fast t he
PrE b Malerl (HQ) e PeESM WofGriaNtne HyBASLYsi Shef amount
t base precursor .is.conpleted and, .t hereby,_.the
o1 R BB S 5t IS A0 FHCCH B0 1101 SRAGLELSY to be
wiggﬁglﬁgzt%%g ’r&esgléralglk;f?/;? Ijlﬁ%é)u gl(hbngnett%rﬁnesn%\f‘:almo fe Vz\:%ttel%,l %vhere
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
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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 reaction is
finished. [0280] |If necessary, the resulting catalyst
is washed with water, an alkaline aqueous sol ution,
an aci d aqueous solution, an organic solvent, or the
like and is dried. Thereafi@®, ~firing is conducted in
an atnosphere of an inert gas, e.g., nitrogen or
argon, or an atmosphere of an oxidizing gas, e.g.,

pm’éldur%rorﬁ} GnldU @ r IN@as @3S t heO Halkat éﬁrecﬁﬁts%'ryftthrough
havi ng a desiréd performance can be Obtained. The

hela@dlnigd saig ed laisn & ee FRRaRINeNe Fort Riohvidi nigs t%%“%'as)é
100C to 1,200C, preferably 300C to 1,100C, and

priecuiriser tor eher aalsy .500C to 1, Q0C. The cat al yst
activity and the stability of the resulting catalyst,

[oRF&t] is, a solid acid catalyst, to which specific
netal el enents have been added, can be inproved by
condlacdeagribhedabboeedesnr ohéddrhetat cogduahdther hagogeneous
[0281] However, all the above-described steps are not

PrQFWQ}§atn9@eQ§§h?dln@otae gerxieat poyss, it ki ceqatired
| east one type of netal elenent not contained in the

thad| pg depgtciwal Fypesapd @ét@étéaltsonnﬁhéhgromscipitant

consi sting of the groups 3, - 123 10, and 11 in
PTERULSEri 8 Fclpaﬁpé Fh&tEelf éd&@&uFéOPhet§éFlésfaélélQUld
atal¥ % gbt i ned finally. Thekefore
phase, or reatment, in which the prec1p1tant

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 adopteg. 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



production steps thereof are not specifically limted.
[0282] <Anpunt of supported netal> In the catal yst
obt ai ned by the above-described process, Q usually,
the additive element in the state of an oxide is
added to the solid acid catalyst. [0283] 1In the case
where the catalyst to be used in the present invention
is a catalyst in which a netal oxide, e.g., zirconia,
is supported by a carrier” é24. - silica in a solid
acid catalyst and an additive elenment, e.g., N, Cu,
Ce, or the like is added to the solid acid catalyst,
£ Adie tH® WitedGifp 1 tAD Priced r¥plrali sSarivikheds t R sehkd to
acid catalyst is preferably 0.1 to 15 percent by nol e,
caardhdth gpayddd;ulsiiabd.€b homd gbd epfisC Piledly it oneRithed, it
to the carrier. If the anount of support is |arger
ist prefledableangat 58 becowee odi Whitew tinf @heudppiriegnadion
metal in a uniform highly dispersed state. If the
sodmduiien i yisthaiwhich shef careier awsubeenf impiregnateal,
generated. Preferably, the anount of supported
regpdaist iad faliealpodingmémt tiimeowhent ¢ he) pgecdgritatypyionnol e,
and in particular 0.05 to 5 percent by nole relative
genEerEftd oPakeRE Lopr dfefdblighedne angdl duriihiey piredediabilye 10%
el enent/solid acid gatalyst netal is 0.01 to 5, and in
or gpre of WatgrarePagssro 3. [0284] |If the amount of
[Oag%qorted additive elenent is |arger

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. 1In
the case where véporization 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,



than this range, the performance other than the
average nolecul ar weight may be adversely affected.
If the ampbunt is small, an effect of changing the
average nol ecul ar weight is not exerted sufficiently.
[0285] In the case where the catalyst to be used in
the present invention is a catalyst in which an
additive elenent is added tgo a clay catal yst serving
as a solid acid catal yst, ~ ﬁ?@férably, t he anmount of
addition of additive elenment is 0.01 to 20 percent by
wei ght, and in particular 0.05 to 15 percent by
compilgite neimrivale do watercliay cedldoteld defs itfa®1y@MURluch a
of supported additive elenent is larger than this
wayartdmt tite perter nbnasendved ¢yl dthel PVSF&d€l hour or more,
nmol ecul ar wei ght nmay be adversely affected. If the
prafewat liys 3simiurs ar ebfregt anid dhatgierg prlefeaa®§g® hours
nol ecul ar weight is not exerted sufficiently. [0286]
or] mogce e tiear theodieattiiog dfs pdlayeede apdTihheppreeipitartion
production of a polyether according to the present
gengratliosn reag taeinc A-st kdndshied -aci d cat al yst  produced
as descri bed above and containing the additive
[0€88ent is used as the catal yst for polynerization,
w | _be 125 - described below. [0287] This process, ,
f or Lhr BRGEEFBRY of thepbe§el hengi Sabakngikt &8 waghed with

i ng- [ ri zation_reaction of clic ethers.
wa%b%% g eghﬂ%lgggyg%ueo%g solu%%on, an acg% 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
preférably 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,



That is, the cyclic ethers are used as raw materials
for the reaction, and pol yethers are produced by
subjecting themto the ring-opening polynerization
reaction. [0288] In the case where polyethers are
produced by ring- opening polynerization reaction of
cyclic ethers, exanples of cyclic ethers to be used
as the raw materials for the reaction include cyclic
ethers in which the nunber aR3carbon constituting the
ring is 3 to 10. Furthernore, cyclic ethers including
al kyl groups, halogen groups, acyl groups, and the

ldt ot %ﬁ%&fg&swﬂ u%ré ot acla%q.eb%alés%%f d%%%lefd q:%l It¥1e solid

uran, OXG ane, oxepan I 0Xane,

h f | d
ticd Ipikaﬁtyfsgcrgfifuo nelr T @etreﬂxgé%yganthgﬁn

se y one o onogeneous

prRRIGETEIZ B} A4S0 a e el sPAR iipfea1q %Jlt%d

et her and copol yneri zati on by using at |east two
[oefgqgyclic ethers can be conducted. [0289] At Ieast

one type of the solid acid catalyst containing the
<Aaddinti b€ shppbRtedamettaisri bed above, is used as the

catal yst. [0290] 126 Preferably, the ring-opening

polpmehiez akital yseaobtaingd Hyhetloycibeveldescttbed process,

conducted in the presence of a carboxylic anhydride
uszad/ler, &heaaddiylive adietentodnt the sitawpoitfit anf oxlide is

mol ecul ar wei ght control. In general, aliphatic or
addﬁ@wﬁpl@héaﬁﬁéxﬂlﬁ@ldnﬁﬁ@ﬁiwé§ and/ or
[0283]

In the case where the catalyst to be used in the
present invention is a catalyst in which a metal oxide, e.qg.,
zirconia, is supported by a carrier, e.qg., 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 0.01 to 10 percent by
mole, and in particular 0.05 to 5 percent by mole relative
to the carrier. Preferably, the mole ratio of additive

element/solid acid catalyst metal is 0.01 to 5, and in



carboxylic acids having 2 to 12 carbon atons are used,
and preferably those having '2 to 8 carbon atons are
used. These carboxylic anhydri des and/or carboxylic
acids may be used alone or at least two types may be
used in conmbination. 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
(nmole ratio) relative to theogyclic ether. [0291] In
t he pol ynerization reaction, a solvent inactive to
the reaction can al so be used. In general, at |east

one. type of aliphatic hydrocarbons, aromatic
paﬁ?ﬂfﬁﬂﬁFb&h?ﬁ §ﬁg ‘Dthe like inactive to the

orlga-opening pol yneri zation reaction is used as the
[ 3& ent. [0292] A generally adopted reaction form
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anhydride and/or the carboxylic acid are continuously

issn@mlb@@r&@dasuﬁqggﬁ@htugqluding the catalyst and a
reaction liquid is continuously taken out (continuous

[028Stlen) . The continuous systemis preferable fromthe
vi ewpoi nt of the productivity.

In the case where the catalyst to 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
range, 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



[0293] The usage of the catalyst is determned on the

basis of the type thereof, and is not specifically

limted. For exanple, in the batch type reactor, if

the amount of <catalyst is too snmall, the

pol ymeri zation rate is reduced. Conversely, if the

anobunt is too large, renoval of a polynerization heat

beconmes difficult. Furthernore, since the slurry

concentration of the reacti bp5system i ncreases,

agitation becomes difficult, and a problemtends to

occur in separation. of the catalyst and the reaction

liquid a r_the 1 conpletion of the polynerization
defgag?%gnggiﬁgfefore, the | usage of the catalyst is
[0%%#3"y selected wthin the range of 0.001 to 50

tinmes on a weight basis relative to the |iquid phase,

pr ekLeE ab r 0,20t . 0ej

bas?gignb%%%§$%e?2gsgﬁg%gc?%%ﬁr%gc?i%ﬁf?%?ﬁ$ e%%ﬁb§EQUCted
byP@l $inGeBpEheAgOhol YRel i 2Wti8ACEaRt bRl otheyE1qW ethers.

reacti on,  the“usage of the catalyst refers ?o t he
Thawoykt, ehet Bgclgat akystsr grat i¥eqdt st kewafBEBLi8fis for the

supply of the liquid phase per unit time. [0294] -
red28@iohheangapgbilgatherpeagbupeotaceaualyl ¥ub§et®idg0€hem to

and preferably 10C to 80C. The reaction pressure may
theerang-ppessngepbhgmeaizasiohheeneadbhon systemis

allowed to maintain a liquid phase at that pressure.
[0@88d]l | y, the pressure is selected within the range of

normal pressure to 10 MPa, and preferably nornal

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, 1l,4-dioxane, 2-
methyltetrahydrofuran, 3—methyltetrahydrofuran,.and the like
are used. Any one of homogeneous polymerizatioh 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]



Q pressure to 5 MPa. The reaction tine is not
specifically limted. However, in consideration of
both the reaction tine and the anmount of catalyst and
in consideration of the yield and the economc
efficiency, preferably, the reaction tinme 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 tine refers-t@28 period fromthe point
in time when the tenperature is raised to the
reaction tenperature until the reaction is fini shed
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ca&‘ﬂo\fég;t aﬂgl\@qﬁ.%réd i /B ‘ah‘éa%B?zﬂflct e i @Y TR hledl

conpou ver, in the case where a ring-opening

VLI%%U [ %%t @R h%i‘“e*c‘u‘l%roﬁve ghﬁ:a%ﬂﬁ:%‘ir angg g@lekél

ducted, a polyether having a nunber averag

alm@n%quabr W%baBEleNﬁbr%BxgqqctanEQdQQQean@ndvar

particul ar, low to - | e" ol ecul ar wei ght of

&%@&ylaaoadeéOhQQQn@aa Qa 1bearﬁaﬁ alteikhai-@okged|,t and
is one of the features that a polyether having a

preferaylpolhogeahawingh? dosBr chubbanatams heeecasiedy These
produced. That is, there is a great demand for a
capbloxgilier aahlydiritiesg akid/br chrbolyldc2abidsdmayr bal hped
A polyether exhibiting Mv Mh of |less than 3, for _
alexgnpireatlleastt §we. ¢ypesnmpy bkt useddibycombagathen. it
. solid acid catal yst ) .
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



according to the present invention. In particular,
when a preferable condition of the present invention
is selected, a polyether having a very narrow

nol ecul ar wei ght distribution Mw M of about 1.3 to
2.0 can al so be obtained. [0296] The relationship
bet ween the anmount of addition of additive el enent
relative to the solid acid catal yst and the average
nmol ecul ar wei ght of the resul2t7i ng pol yet her of the
catal yst to be used cannot be univocally specified.
Pol yet hers havi ng vari ous average nol ecul ar wei ghts

syl B eRe TS, Yl " o T e
o . he . . i d
arfjtst \ohfe T, AEReL dE TSN diilita o
[ i ' it . t.
e G oMLY, PR ol B RSP B e,
c ! HRIR TS RLARUE LG i due [ RBtRIBSe rhe continuous
i nvention can be used for applications to elastic

syldthel Sis prederdiNey MHIMHHL BRAWRSIR o aHO P oductivity.

t hernopl astic pol yuret hane el astoners, coating
[opstgrials, and the like. [Exanples and conparative

exanpl es] [0298] The fourth aspect will be further

spethki aahhy odeshei badabgkewiwi tHeteeméhedcent @he basis of

exanpl es and conparative Q exanpl es. However the
thieoltlype rtdieanearfpl esiddd snatot] ispec itfiecaldyoddandfteidhe For

fourth aspect.
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 0.01 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.

[0294]



[0299] In the follow ng description, the degree of
conversion of tetrahydrofuran (THF), and the nunber
average nol ecul ar weight (W) and the nol ecul ar

wei ght distribution (Mv M1) of polytetranethyl ene
ether glycol acetic acid ester (PTME) were determ ned
with GPC (gel perneation chronmatography) described
bel ow. GPC apparatus: GPC 8220 produced by Tosoh
Corporation Colum: TSK-GEL2Bl €30 cm) x 2 units
Detection nethod: R Columm tenperature: 40C Moving
bed: THE Flowrate: 1 m/mn Anount of injection of

SaggbﬁéfggﬁleBO %ﬁ?ngﬁgﬁtigtégﬁgig §¢ ggcgﬂéu8, &na

t |r.cent Jhy wei ght - 131 - [0300]
pr%%g%ﬁgﬁgtl@e e%anppeCS 1] <Preparation of solid acid

Cat 8hYoF2aPEEBA! BELODuPL 2y 1o81a0¢ DPUDEGPEOHIsorar as

sol ut1on was duct ed b I SSo
thérgggg%#%nzgggt@ﬁdlg g@iogedoEouﬁgﬁnk 59 geimghgq phase at
wat er sulting inpregnation ut I on

thakepdedswirth 1@s@amff Shé i SReSMFL eis (Pepaeced wpﬁ’hln the

Fujir Silysia Chemc Ltd.,” CARRAM T B0, particle
rafiganetrehofmall 0 p2e8shi-e, taveoagpapaahat:bee%@aswr néPflal
prggsure 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



pore volune 1.21 m /g, average pore dianmeter 30 nn) at
room tenperature, and inpregnati on was conducted by
standing for 1 hour while m xing was conducted by
shaki ng sonetines. The inpregnated carrier was put in
a 100-m Erlennmeyer flask, a |id was put, and this
was treated in a drier at 110C for 6 hours. After a

| apse of 6 hours, the Iid of the flask was renoved,
and drying was conducted inltbe-as-is status in the
drier at 110C for 16 hours. This was further dried at
140C for 4 hours and wad stood for cooling. The
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<Pol yneri zation réaction> In a nitrogen atnosphere,

pol3dthed eikhibitdmd ®ddnd o 1eggetthanran)yddrdexsipfe, 1.1

“put in a 500-m four-neck flask and were m xed with
toagi.0gt icam. blen obtaiinkedg®y akingpheke sod.id8 agid @fatfall?st
above-descri bed catal yst was wei ghed and added to the
acresudlinigngonithed pyelsenitoinwientt iagi.t alhopartheutatt ewhen a
reacti on was conducted at 40C for 5 hours. The
predsxabde cbindditdonas fatbey paeseinth iBP€ntdoas itlso selected, a
nmeasure the degree of
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
general, 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,
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conversion of THF, the nunber average nol ecul ar wei ght
(Mn) of PTME, and the nol ecul ar wei ght distribution
(MM MY). As a result, the degree of conversion was
32% M was 3,002, and Mv/ Mh was 1.84. [0302]

[ Exanpl e 3-1] A solid acid catalyst containing an
additive elenment was prepared as in Conparative
exanpl e 3-1 except that an inpregnation solution was
_prepared by dissolving 2.861300F Zr Q(N03) 2. 2H20,
0.464 g of Ce(NO03)3.6H20, and 1.108 g of urea into
desal ted water so as to produce 12.1 nl of honbgeneous

era SR TS0 SRt 1c, B e o0 1
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[ 09%gPt that an inpregnation solution was prepared by
dissolving 2.86 g of Zro(NO03)2.2H20, 0.432 g of

Fe(MR3) 8o8HRR. adpdct. 981 9pef fﬁffﬁﬁﬁri specdesakieg

water so as to produce 12.1 ml of honpgeneous _
deSeiribedn bellber RAlthMREirzdbnee teaekafplwas anane¢daipadaitive

the sanme manner by using the resulting. catal yst. As
exampdedl.t , Hbwevdegtke 061 Towiey Séoamplss 3680 ndb Wa@it the
3,241, and MV Mh was 1.82.
scope of the fourth aspect.
[0299]

In the following description, the degree of conversion
of tetrahydrofuran (THF), 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 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 nl

Sample concentration: adjusted in such a way that the

concentration of a polyether becomes about 0.1 percent by

weight



[0304] [Exanple 3-3] A solid acid catal yst containing

an additive elenment was prepared as in Conparative

exanpl e 3-1 except that an inpregnation solution was

prepared by dissolving 2.86 g of Zro(NO03) 2. 2H20,

0.311 g of N (NO03)2.6H20, and 1.06 g of urea into

desal ted water so as to produce 12.1 nl of honbgeneous

sol ution. The polynerization reaction was conducted in

the sanme manner by using_tRgjresulting catalyst. As a

result, the degree of conversion was 34% M was

4,137, and MV WMnh was 1.83. [0305] |[Exanple 3-4] A

solid acid catal yst containing an additive el ement 134
[Q30 orepared as in Conparative exanpl e 3-1 except that

an inpr.egnation solution was prepared by dissolving
tczzn@@rgaptdfvge FHMHS 220, 0.258 g of Cu(NO3) 2. 3H20,

_and 1.359 g ur,e into desalted water so as to
<3 rrat ips” oS, Ak R YSES! Ui on. *The

pol ri_zati.on reaction s conducted in th sane

mankeEess Ao OFnd%r dolilt g MenpaPPEPtS agoTur 8 as
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zirconi um oxyni trate aqueous sol ution 8. per cent
s tWRINIRlas B1leddd HfitH QD). P ed 18%aSkiat rier (produced
by Fuji Silysia Chemical Ltd., CARiAMIT Q30,'particle
diameter 75 to 500 pum, average particle diameter 200 um,
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 1id 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



Ni ppon Metal & Chemcal Co., Ltd., was blended with

22.35 g of desalted water, m xi ng was conduct ed

honogeneously. The resulting m xture was bl ended with

11.89 g of urea and m xi ng was conduct ed honogeneously

SO as to prepare an inpregnation solution. The

resul ting solution was blended with 80 g of silica

carrier (produced by Fuji Silysia Chemcal Ltd.,

CARI ACT Q15, particle diapetigp 45 to 500 m average

particle dianmeter 200 m pore volunme 1.16 m /g,

average pore dianeter 15 nm, and inpregnation was

conductﬁd b% pore-filling (th% ?nognt of inmpregnation
VagoPFERSH &8s 2510600PSEPARE GaFAt8r-YSdre vol une) whil e
[0 'ging was conducted by shaking for about 1 hour.

F@ dG] - 135 This was put into a 500-n pear-shaped
<pbhgRkri28HiBn kabBL AR @ curved tube filled with

gl ass wool "were  connected to the upper portion of the

flagk. T r sk SefLX .1.h cLa

to b3t BtF eohep tmarEnet g 1957, biBE ik e BaCbTHE o of

acehabt awRgarekiat drat patspaed 8ho-he EBH&-BE@& f%ask_and
tenperature of the drier was set at 105C, an eat i ng

wevesmeeBdUGtied hentdtheuls. 1Af4 ehit A6gEN YBfospREre, 4.68 g
filled with glass wool at the upper portion was

ofr enevedovehdestetipedatutalohtt hasdiwkeeghwas agat adied to the
120C, and heating was conducted for 16 hours. After

resheétfiognmiaedt beluppen whoht aghtadaionentdieeedfieer, a
tenperature of the drier was set at 140C, and heating

repgtioconwast ednfloctédhatr 40 °Théolmedt hngrsandThet e¢acnion
were termnated after a | apse of 4 hours, and

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)2°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.



the catal yst was taken out. The catal yst was
transferred to a 500-m beaker and stood for cooling
to roomtenperature. After about 300 ml of desalted
wat er was added, suspension washing for about 10
m nutes was repeated three tines. The catalyst was
air-dried and dried with a drier at 120C for a night.
Subsequently, firing was conducted at 900C while the
air was passed so as to prodsge-a catal yst. [0307]
<Pol yneri zati on reacti on> The pol yneri zation reaction
was conducted as in Conparative exanple 3-1 by using
[Oé solid acid catalyst, which was obtained as
Sdr i bed above, as a catalyst. As a 136 result, the
f ,conversion was 43% WM was 2,116, and Mwv~ M
[EQ%Q&?%7§_2ﬁ0308] [ Exanpl e 3-5] A solid acid catal yst

conhakph iy 98180'9%&5%?5%' SHHEBinE’ﬂg g[}eggﬁﬁgigg Efement

Conparative exa except t

[ 0X%\Ni3tr (38, r
ol SO S St SO L1 ot it o

im ha%& iGhe B al 6o wa%t@repw&%dbhgn@@édﬂlhﬁn%322§699 of
u

of desalted water, m xing was conduct ed
zroqmoggneusody, 01493 § of r&adPB) DHYR0 as 1added g of urea

thereto, mxing was conducted honpgeneously, 10.92 g
ingb desalwes fatelresoaddedot peoeiice 12nd mlxiodfg hem®geneous

conduct ed honbgeneously so as to prepare an
soilmpriegnat The solymeohzafhenpoéyobioravasncosdetted wasthe
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)2:6H20, 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



conducted in the same manner by using the.resulting
catalyst. As a result, the degree of conversion was
46% M was 2,279, and MV Vh was 1.75. [0309]

[ Exanpl e 3-6] A solid acid catalyst containing an
additive elenent was prepared as in Conparative
exanpl e 3-2 except that 77.69 g of zirconium

oxyni trate aqueous solution (18.46 percent by weight
in ternms of ZrQ2) produced bhg4Shin N ppon Metal &
Chem cal Co., Ltd., was blended with 20.31 g of
desalted water, m xing was conduct ed honbgeneously,

wa Ko aRed aBn i LOIPABHIYEn E5A0R & 1 loprgept thag an
inf bR S 188 et S, BepaPRantd Ao RRTaRRl 7580 of
2N a0 B ey BRGNS R B, DR LS Y, urea
info MlcshlBAED, 26 5 EBTLFLRLRE 125 1TAN ol iRsencons
sodQitlidnaci fheab el yRbr £PME PO PEadPi 8 H LS VE-RhEEBEE in the

was prepared.as 1n Conparative exanple 3-2 except that

- samé 2Ann@robyZuksag ¥ReO¥¥BuLLEahe éﬁ%ﬁ@¥§t$0|Uti0n
(18.46 percent by weight in terns of ZrQ2) produced

by Bbia depppn, Mehal dégkbend £atofPersidl. wa¥aso¥| emfedas

with 23.22 g of desalted water, m xing was conduct ed
4 l069pgandoMel/yin aB51g76f.
[Comparative example 3-2]
<Preparation of solid acid catalyst>

After 88.01 g of zirconium oxynitrate aqueous solution

(18.46 percent by weight in terms of ZrOj;) 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 so as to prepare an
impregnation solution. The resulting solution was blended
with 80 g of silica carrier (produced by Fuji Silysia
Chemical Ltd., CARiACT Q15, particle diameter 75 to 500 um,
average particle diameter 200 um, 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]



Cu(NO3) 2. 3H20 was added thereto, m xing was conduct ed
honogeneously, 10.92 g of urea was further added
thereto, and m xing was conducted honbgeneously so as
to prepare an inpregnation solution. The

pol yneri zation reaction was conducted in the sane
manner by using the resulting catalyst. As a result,

t he degree of conversion was 47% M was 2,983, and
Mv Mh was 1.74. [0311] |[Exasple 3-8] A solid acid
catal yst containing an additive elenment 138 was
prepared as in Conparative exanple 3-2 except that

(15 8is2uRt BhED IR ThOKYE LT 2hEa RILRARASLI Hhk B ang
) Shi i & . i a1, .
joPheodnd o fﬁ%%?"é&ﬁé%fﬁ?égﬁ §AEnask GooiEre
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e
added thereto, and m xi ng was conducte geneously

ro%@rds dr@ eY.ePRhE AOtADPhEISRATONWES! Hot8Fed TRE a speed of
pol yneri zation reaction was conducted in the sane

10NEBRRET thly tempRgathge’ eFulthenargaralst sefsat nesukt, and
the degree of conversion was 46% M was 2,667, and

hebltriMg was tonducftedlZzbr PChopasat | NEtex atid ecBrddd Acube
pol ymeri zation reaction was conducted as in

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. 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-ml 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



=1 Conparative exanple 3-1 except that a catal yst
prepared by firing 20 g of Tonsil Opti nmunFF, which
was a clay (activated clay) catal yst produced by Sued
Chem e, at 400C for 1 hour while the air was passed
was used as the catal yst. The polynerization reaction
was conducted in the sane manner by wusing the
resulting catalyst. As a result, the degree of
conversion was 42% M was 136427, and MV Mh was 2. 01.
[0313] 139 - [Exanple 3-9] After 0.35 g of
Cu(N03) 2. 3H20 was di ssolved into 10 g of desalted
wat er, m xing was conduct ed honogeneously.

re§yddaqidft AFIre6 giofor¥pESiLoapRrRufRE, {mi WASwgs 146, and
cl ay catal%st produced by Sued Chem e, was

Mwi/ MBr W8Rated>wi th the resulting sol ution, and standing
0?@? conducted for 1 hour. Thereafter, a solid acid

[ Alyst contai ning an additive elenent was prepared

dycti.ng firing at 400C for 1 hour while the air
[E%ég%ggsgéélas i n Conparative exanple 3-3. The

o KB £81 400 REL1 1 BRI o Bud (8458 ppent
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R R
weight in terms of Zr0O;) 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 ZrOj) 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
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Subsequently, 20 g of Tonsil OptimunFF, which was a
clay catalyst produced by Sued Chem e, was

i mpregnated with the resulting solution, 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 yneri zation reaction was 1lddnducted in the sane
manner by using the resulting catalyst. 140 As a
result, the degree of conversion was 39% M was
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conversi'on Mh Mw~ Mh cataly el ene
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anpl e3-1 Ce203 Zr/ Ce=6/0 8 2664 84 Exanpl e3-

cofd¥te DA a8 Znld-anfiidb® BP g 1t B2 rEXaMPLifRg- 8atalyst.
Ni O Zr/ Ni=6/0.6 34 4137 1.83

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 ZrO3) 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)3-3H20 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 47%, Mn was

2,983, and Mw/Mn was 1.74.

[0311]

[Example 3-8]

A solid acid catalyst containing an additive element



Exanpl e3-4 CuO Zr/ Cu=6/0.6 30 4059 1.76 [0317] [Table
3-2] Catalyst conposition Percentage of support Degree
of Solid acid Additive relative to SiQ2 carrier
conversion Mnh MV Mh catal yst element (nmol% (%
(oxide) Conparative - Zr-8 43 2116 1.75 exanple3-2
Exanpl e3-5 CaO Zr/ Ca=8/0.3 46 2279 1.75 Exanple3-6
Zr2/Si2 NiO Zr/Ni =8/0.5 47 2687 1.76 Exanple3-7 CuO
Zr/ Cu=8/0.3 47 2983 1.74 -Exasple3-8 CuO N O

Zr/ Cu/Ni=8/0.1 /0.4 46 2667 1.74 141 - [0318] [Table
3-3] Catalyst conposition Percentage of support Degree

o TR . U R Kby 2L RS Bl .56

o BB or PR IR e S, B3t 55 U148 pproent by
we%é%%phﬂsi%gmgiQfNQQB%)Op§8dﬁ§§g gyoéhin 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)2'6H20 was added thereto,
mixing was conducted homogeneously, 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]
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[0319] As is clear from conparisons between
Conparative exanple 3-1 and Exanples 3-1 to 3-4, when
the solid acid catalyst is allowed to contain the
additive elenent of the groups 3, 5 8, 10, and 11 in
the periodic table, nerely the average nol ecul ar
wei ght can be changed at the sanme condition w thout
adversely affecting the other performance. As is clear
from conpari sons between Comparative exanple 3-2 and
Exanples 3-5 to 3-8, the sane goes for the case where
the production condition of the solid acid catalyst
| S chﬁn ed and the case where at |east two types of

[ ‘%%%‘ ts are added. Furthernore, as is clear
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matters related 'a to Japanese Patent Application

ThelRPRFtese RBatsti AR 2l ysho coARBAnd70%7) dddi®dve

on Septenber 6, 2005 and Japanese Patent Application
eleapaness Paliepairefpblyl ednduwething 24@5ng 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 Qas 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 OptimumFF, 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.



258056) filed on Septenber 6, 2005,
contents of which are incorporated herein by
reference. 143 - CLAIM5S [1] A solid acid catalyst for
produci ng a polyether, characterized in that the
amount of surface hydroxyl group is 0.1 to 2.5
gnol /n2 and the anobunt of acid exhibiting pKa of -5.6
or less is 20 nol/g or nore. [2] A process for
producti on of a pol yether~ ¢Hhfracterized by
conprising the step of subjecting a raw materi a
conpound to a polynerization reaction or a
congd ”§a£5891£eaﬁhboﬁgg9eet8% BFE@?E&%oR QSSQB%d fif' das
catalyst "so as'to Cé a rein a
| al yst shavi ng the amount of surface
4 %Q%*oxy gﬁgﬁh kM%%Ozi%lio .5 nol /n2 and the amount of
[03Gisq exhibiting pKa of -5. 6 or less of 20 mol /g or
nore 1is used as the solid acid catalyst. [3] A

prOﬁﬁésrégﬁlﬁéOQECEhenaﬁévé 885&?&88& eﬁBﬁb@é&eéhaed
by conprising the step of subjecting a raw materi al

cofpEpaide eRamplekyarel zabvan ihegebiled GLlato 3-3
condensation reaction in the presence of a solid acid
coddiegltyiselyQ as to produce a polyether, wherein a
solid acid catal yst having surface hydroxyl groups is
[oallleqwed to contact with an organic conmpound and/or an
i norgani ¢ conpound, which can react or interact with
[Tabde Sudflace hydroxyl groups and which is other than

the entire

t he pol¥£&£ﬁ£bog99g$§1used Tor the pollyneri zat|i on
reacti op—or Percentage of support| Degree of
Solid acid Additive [relative to SiO; carrier|conversion| Mn |[Mw/Mn
catalyst e(lci:?;:)t (mol%) (%)
Comparative - 7r=6 32 3002 | 1.83
example3—1
Example3—1 Ce,03 Zr/Ce=6/0.6 28 2664 1.84
Example3-2 |ZrO,/SiO,| Fe,0g4 Zr/Fe=6/0.6 36 3241 1.82
Example3-3 NiO Zr/Ni=6/0.6 34 4137 1.83
Example3-4 CuO Zr/Cu=6/0.6 30 4059 1.76
[0317]
[Table 3-2]
Catalyst iti
atelyst composttion Percentage of support| Degree of
Solid acid Additive |relative to SiO, carrier|conversion| Mn | Mw/Mn
catalyst jf;p;;t (mol%) (%)
Comparative - Zr=8 43 | 2116 | 175
example3—-2
Example3-5 Ca0 Zr/Ca=8/0.3 46 2279 1.75
Example3—6 |ZrO,/Si0, NiO Zr/Ni=8/0.5 47 2687 1.76
Example3~7 CuO Zr/Cu=8/0.3 47 2983 1.74
Example3—-8 CuO/NiO | Zr/Cu/Ni=8/0.1/0.4 46 2667 1.74
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t he condensation reaction. - 144 [4] The process for
production of a polyether according to Caim1l,
characterized in that the solid acid catal yst
conprises at | east one type selected fromthe group
consi sting of conposite netal oxide catalysts, netal
oxide catalysts, and clay catalysts. [5] The process
for production of a polyether according to Caim 3,
characterized in that the-sokid-acid catal yst
conprises at | east one type selected fromthe group
consi sting of conposite netal oxide catalysts, netal
[g &g catal ysts, and clay catalysts. [6] The process
or Sroduction of a polyether according to Caim 2,
[ngqragtgﬁlzed in that the solid acid catalyst
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10, the gbbmgMd.,d t& €°Q 14" | MW/
t he per il ochtalystapl ;E?] e‘§‘§g | on of
__a nnl \loi her acc -xrpﬂXInn t f"l :u m ’2 r\hlar nr\t or| Ze r~| : B

anﬁe solid aC|d-cataIyst Gonprlses at4teast3mmﬁ 201
et aI e group

E%ﬁb‘ié:isgl gr" Y the gioup| 2, tlkeosoeup 3,| thazgrqupoos.| 2.00

the grol ns')h: aroup the aroun 101 the ardup 11
~J 1 7 J L 7 ) T T

Ex"aﬂFlesger‘fUp 13, ElnO'NtdwOElr oup \id=i.¢ the perggdi d usdd §. 2.01

Thelprocesst for pr uction of 23 pnl yet her

accordlng to Caim3, characterized in that the
[@848hi ¢ compound conprises at |east one type sel ected

fromthe group ) .
As 1s 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.
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145 consisting of alcohols, silylating agents, and
carbonates. [9] The process for production of a

pol yet her according to C aim2, characterized in that
a cyclic ether is subjected to a ring-opening

pol ynmeri zation reaction so as to produce a polyether.
[ 10] The process for production of a polyether
according Y to Caim3, characterized in that a
cyclic ether is subjected tt@2a-ri ng-opening

pol ymeri zation reaction so as to produce a polyether.
[11] The process for production of a polyether
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pol yneri zatioh reaction I n the resence of “a
inGanRkQ¥yl.i ¢ anhydride and/or a carboxyllc acid so as

to produce a polyether. [13] The process for
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method in carrier pores. [14] The process for
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characterized in that the'solid acid catalyst is 146
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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produced by conducti ng a honbgeneous precipitation
method in carrier pores. .[15] A process for
production of a solid acid catalyst in which a netal
hydr oxi de and/or a netal oxide is supported by a
carrier, the process characterized by conprising the
step of allowing the netal hydroxide and/or the netal
oxi de to be supported in pores of the carrier by
conducti ng a honogeneous predBdpitation nmethod in the
carrier pores. [16] The process for production of a
solid acid catalyst according to C aim 15,

characterized in that thecggﬁﬂggneous precipitation
nmet hod conprises a honogeneous precipitation nethod
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production of a solid acid catalyst according to
toChapwlymeribhataonereaetiipn bmak thedkasetipnecernstrnons in
urea. 147 [20] A process for production of a
theobyeskare plieapsodédsacid 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 umol/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.

[3] 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 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.
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characterized by conprising 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 catalyst containing at |east one type of
el ement selected fromthe group consisting of the
groups 1, 2, 4, 6, 8, 9, 12, 13, 14, 15, 16, and 17
in the periodic table and bei ng capabl e of subjecting
by itself a cyclic ether to1nigng- opening
pol ynerization is allowed to contain at |east one type
nmetal el enent not contained in the solid acid

of
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periodic table. r 148 [23] The process for production
cogfs i timlgy etfheomposdtdl mptal oxide catalysts, metal oxide
catalysts, and clay catalysts.

-[6] The process for production of a polyether according to
Claim 2, characterized in that the solid 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.

[7] The process for production of a polyether according to
Claim 3, characterized in that the solid 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.

[8] The process for production of a polyether according to

Claim 3, characterized in that the organic compound

comprises at least one type selected from the group



to Caim20, characterized in that at |east one type
of solid acid catalyst selected fromthe group
consi sting of clay catalysts, silica-alumna,
silica-titania, and silica- zirconia is used as the
solid acid catal yst capable of subjecting a cyclic
ether to ring-opening polynerization. [24] The process
for production of a polyether according to Caim 20,
characterized in that the-causal yst is produced by
allomﬁng the nmetal hydroxide and/or the netal oxide to
supported |n pores of a carrier by conducting a

co ho cheneous %dq.st,atsll errq__tlf}l%d algnentthse, %%r Ic%lrbonates.

[9] 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.

[10] The process for production of a polyether according
to Claim 3, characterized in that a cyclic ether is
subjected to a ring-opening polymerization reaction so as to
produce a polyether.

[11] The process for production of a polyether according
to Claim 9, 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
so as to produce a polyether.

[12] The process for production of a polyether according
to Claim 10, 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
so as to produce a polyether.

[13] 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.

[14] The process for production of a polyether according

to Claim 3, characterized in that the 'solid acid catalyst is
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produced by conducting a homogeneous precipitation method in
carrier pores.

. [15] A process for production of a solid acid catalyst in
which a metal hydroxide and/or a metal oxide is supported by
a carrier, the process characterized by comprising 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.

[16] The process for production of a solid acid catalyst
according to Claim 15, characterized in that the homogeneous
precipitation method comprises a homogeneous precipitation
method by using a precipitant precursor.

[17] The process for production of a solid acid catalyst
according to Claim 15, characterized in that the precipitant
precursor is a base precursor.

[18] The process for production of a solid acid catalyst
according to Claim 15, characterized in that the metal
hydroxide and/or the metal oxide comprises 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.

[19] The process for production of a solid acid catalyst
according to Claim 17, characterized in that the base

precursor is urea.
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[20] A process for production of a polyether, the process
characterized by comprising 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 groups 3, 5, 10,
and 11 in the periodic table, is used as the catalyst.

[21] The process for production of a polyether according
to Claim 20, characterized in that at least one type of
solid acid catalyst 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
ring-opening polymerization.

[22] The process for production of a polyether according
to Claim 20, characterized in that copper and/or nickel is
used as the 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.
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[23] The process for production of a polyether according
to Claim 20, characterized in that at least one type of
solid acid catalyst selected from the group consisting of
clay catalysts, silica-alumina, silica-titania, and silica-
zirconia is used as the solid acid catalyst capable of
subjecting a cyclic ether to ring-opening polymerization.
'[24] The process for production of a polyether according
to Claim 20, characterized in that 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.



