1 TITLE OF THE | NVENTI ON Pol yoxyt et ranet hyl ene gl ycol and net hod for
produci ng the sane 5 BACKGROUND OF THE I NVENTION Field of the Invention
The present invention relates to a pol yoxytetra- mnethyl ene glycol
(hereinafter, sinply referred to as "PTM3') and a nethod for producing the
same. More 10 particularly, the present invention is concerned wwth a PTMG
having not only a limted content of from2 to 5 % by weight wth respect

to high nol ecul ar wei ght PTMG ngi%égL§§égg52§&&§¥&§§unggh nmol ecul ar wei ght
PTMG no- | ecul es are defined as i | ecul ar 15 wei ghts
which are at |east si | é¥%aﬁgéﬁﬁ QFPb lggg ecul ar
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content of from 10 tQ %g%ﬂﬁﬁn vwejght. The present invention is also
concerned with a net?og for rggﬁ%ing such PTMG The 20 PTMG of the present

I nvention exhibits inproved proper- ties with respect to heat resistance
and | ow viscosity. By virtue of these inproved properties, the PTMG of the

present isnvention-can be advardeaomSiND USEOrHe $E%g¥t%@ﬁterial for a :
pol yester elastic fiber, a polyurethane el asti I'ber and the |ike. 2

Field of the Invention

The present inventlion relates to a polyoxytetra-
methylene glycol (hereinafter, simply referred to as
"PTMG") and a method for producing the same. Mofe
.10 particularly, the present invention is concerned with a
PTMG having not only a limited content of from 2 fo 5 %
by weight with respect to high molecular weight PTHé
molecules, wherein the highlmolecular weight PTMG md-
lecules are defined as PTMG molecules having molecular
15 weights which are at least six times as large as the
number average molecular weight of all PTMG molecules,
but also a very limited heteropolyacid content of from
10 to 900 ppb by weight. The present invention is also
concerned with a method for producing such PTMG. The
20 PTMG of the present invention exhibits improved proper-
ties with respect to heat resistance and low viscosity.
By virtue of these improved properties, the PTMG of the
present invention.can be advantageously used as a raw
material for a polyester elastic fiber, a polyurethane

25 elastic fiber and the like.



Prior Art PTMGis used as a raw material for, for exanple, a polyester
elastic fiber and a polyurethane elastic fiber. As described in Japanese
Pat ent No. 2,525,155, in general, polyether type polynmers, such as PTMG
are likely to suffer deterioration by oXidation, UV rays and heat. Thus,
al t hough PTMG exhi bits excellent properties as raw materials for resins
and |l ubricants, deterioration of such a polyner has been a problem For
exarrple,P rt of PTMG is deconposed by heat applied to the
polynerrfihggs reaction or by heat generated during the polynerization
reaction, and the resultant polynmer product suffers discolouration and

| onering of the elastic properties (such as strength and el ongation),

whi ch are caused by the heat deconposition (heat deterioration) of a part
of the PTMG AhMGisused ase ww malterafandor examplelapolyostey elgstisi fibenandeat
resi stance. Various stabilizers for PTMB are known in the art, but nost of

t he st aha polyerethane elasticifipeérdants, In addition, it is noted t hat
conventional stabilizers for preventing heat deterioration are

unsati sfactory. Specifically, an aromatic stabilizer (Japanese Patent No.
2,525,155) is frequently used for preventing heat dete 3 rioration, but it

is likely to ' t r d.i 0
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pol yneri zati on met hod | oys no solvent or only a small anmount of
sol vent .heat. Thus, although PTMG e ibits excellent properties as raw materials for resins
and lubricants, deterioration of such a polymer has been a problem. For example, a
part of PTMG is decomposed by heat applied to the polymerization reaction or by
heat generated during the polymerization reaction, and the resultant polymer product
suffers discolouration and lowering of the elastic properties (such as strength and
elongation), which are caused by the heat decomposition (heat deterioration) of a

part of the PTMG. Therefore, there is a demahd for a PTMG having excellent heat

resistance.

Various stabilizers for PTMB are known in the art, but most of the stabilizers
are antioxidants, In addition, it is noted that conventional stabilizers for preventing
heat deterioration are unsatisfactory. Specifically, an aromatic stabilizer (Japanese

Patent No. 2,525,155} is frequently used for preventing heat dete-




Wien a PTMG is produced in the absence of a solvent, 10 heat deterioration
of produced PTMS becones a problem Accordingly, there is a demand for
PTMSG havi ng both the inproved properties with respect to both heat resis-
tance and | ow viscosity. Further, the addition of the above-nentioned sta-
15 bilizer has a danger of causing discolorgtion and | ow ering of the

el astic properties (such as strength and elongation) of the polyner
product. Therefgre ere _hgs bheen trong demand for a nethod of
produci ng PTMG r%a&ﬁ*fg%prbd&e&%éaﬁ Tks iy e caurr A FEAlRFARRMOR! 20
addi tives, such_as ahilizer. is suppressed to a |evel as |ow as
possi bl e. Furt h%?‘, u&*ﬁéa%fviqﬁfqﬁcgtn ﬁﬂcgcl‘o%i“faﬁy ST RAV§ G enyixenpental
probl ens. Wen EgygukicH§ed in a polynerization thereof with other
conpounds in the absence ‘of a sol 25 vent, it becones necessary to enpl oy
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commercially advantageous polymerization method which
employs no solvent or only a small amount of solvent.
When a PTMG is produced in the absence of a solvent,

10 héat deterioration of produced PTMG becomes a problem.
Accordingly, there is a demand for PTMG having both the
improved properties with respect to both heat resis-
tance and low viscosity.

Further, the addition of the above-mentioned sta-

15 bilizer has a danger of causing discoloration and low-
ering of the elastic propérties (such as strength and
elongation) of the polymer'product. Therefore, there
has been a strong demand for a method of producing PTMG
having improved heat resistance, wherein the amount of

20 additives, such as a stabilizer, is suppressed to a
level as low as possible.

Further, PTMG having high viscosity has the fol-
lowing problems. When PTMG is used in a polymerization
thereof with other compounds in the absence of a sol-

25 vent, 1t becomes necessary to employ high polymeriza-



vel opi ng a PTMG having i nproved properties with respect 10 to both heat

resi stance and | ow viscosity. As a result, it has unexpectedly been found
that, when the PTMs has not only a nol ecul ar wei ght distribution as narrow
as 1.8 or less so that the viscosity of the PTMG becones |ow, but also a
content of high nol ecul ar weight PTMG 15 nolgecul es within a specific range
(2 to 5 %by weight), wherein the high nolecular weight PTMG nol ecul es are

cast six 1 mes 0N cap et e U B M, e AE S Ut T 41
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contained in the M5 do not su hasé sSepara th the

| ow nol ecul ar wg@&&%ﬂ%ﬂﬂéfBEéﬁ%EtiéEH%P%gg?@fﬁtiiffé& iR §H%ﬂf%eﬂgi%b_ 25

deconposition, thereby suppressing t deconposition 0

Such a PTMG nomeriheitanst ék ndous i EG9St i > has high heat
resi stance. Further, it has unexpected?@ %e%%P§%§ﬁ%that, when the PTMG
contai nssa heteropoly- acid (which is a residue of the polynerization
het ero- polyacid catalyst (for PTM3) in a very small anount 5 within a

specific range, a plurality of sOMMARYOWLPS TiE INVENTGloN opol yaci d nol ecul e
i nteract with hydroxyl groups of a plurality o nol ecul es to thereby

‘form crosslinking siinesthizo ditaiativn heghe rPEeSdOCEnPEntHEs have made

extensive and intensive studies with a view toward de-
veloping a PTMG having improved properties with respect
10 to both heat resistance and low viscosity. As a result,
| it has unexpectedly been found that, when the PTMG has
not only a molegular weight distribution as narrow as
1.8 or less so that the viscosity of the PTMG becomes
low, but also a content of high molecular weight PTMG
15 molecules within a specific range (2 to 5 % by weight),
wherein the high molecular weight PTMG molecules are
defined as being PTMG molecules having molecular
weights which are at least six times as large as the
number average molecular weight of all PTMG molecules,
20 the crystalline, high molecular weight PTMG molecules
contained in the PTMG do not suffer phase separation
but interact with the low molecular weight PTMG molecu-
les which are likely to suffer heat decomposition,
thereby suppressing the heat decomposition of the PTMG.

25 Such a PTMG, notwithstanding a low viscosity thereof,




PTMG is further inproved wi thout suffering pronotion of 10 depol yneri zation
of the PTMG In addition, it has unexpectedly been found that the
above-nmenti oned PTMG havi ng excel l ent properties wth respect to both heat
resi stance and | ow viscosity can be effectively and efficiently obtained
by a method 15 which conprises subjecting tgtrahydrofuran (THF) to a

pol yneri zation reaction in a continuous polynerization reactor with a
stirrer in the ﬁresence of a heteropoly- acid catalyst, in which the

pol yneri zati on hegchilgh beatyesdstance. t Farshefondd bes anexpestedl¥ount
suffi 20 cient o forma tetrahydrofuran organi c phase and an aqgueous
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retention tine_of tetrahydrofuran in the
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crosslinking sites, so that the heat resistance of the
PTMG is further improved without suffering promotion of
10 depolymerization of the PTMG.

In addition, it has unexpectedly been found that
the above-mentioned fTMG having excellent properties
with respect to 5oth heat resistance and low viscosity
can be effectively and efficiently obtained by a méthod

15 which comprises subjecting tetrahydrofuran (THF) to a
polymerization reaction in a continuous polymerization
reactor with a stirrer in the presence of a heteropoly-
acid catalyst, in which the polymerization reaction is
performed in the presence of water in an amount suffi-

20 cient to form a tetrahydrofuran organic phase and an
aqueous tetrahydrofuran/catalyst phase having a speci-
fic gravity of from 1.8 to 2.3, while maintaining the
retention time of tetrahydrofuran in the reactor within
a specific range (at 0.5 to 20 hours) and while main-

25 taining the motive power applied to the liquid in the



t he pol ynerization reaction m xture, and adjusting the 10 heteropol yacid
content of the pol yoxytetranethylene glycol to a |level of 10 to 900 ppb by
wei ght. The present invention has been conpl eted based on the
above-nentioned findings. Accordingly, it is an object of the present
inven- 15 tion to provide a polyoxytetranmethyl ene glycol (PTM3 having

| nproved properties with respect to both heat resistance and | ow
viscosity. It is another object of the present invention to provide a
nmet hod for eff EBRGEPY afd3erpesidda wadnue (Ao J[Hnet MersHir-theReRihed
PTMSG havi ng i nproved proper. ties with respect to both heat resjstance and

| ow vis- cosityePEAdn; 8r 8§ VAGTA%@ tdiie reqistdans migdng LOMHASIRI \Aant ages
of the present invention will be apparent to 25 those skilled in the art
from the fol | owFRECdPRrfoFmed Jeddahydrafunan rIaise ISt ken | n
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tion-formed agqueous tetrahydrofuran/catalyst phase,
separating the reaction-formed tetrahydrofuran organic
phase containing the polyoxytetramethylene glycol from
the polymerization reaction mixture, and adjusting the
10 heteropolyacid content of the polyoxytetramethylene
glycol to a level of 10 to 900 ppb by weight.
The present invention has been completed based on
the above-mentioned findings.
Accordingly, it is an object of the present inven-
15 tion to provide a polyoxytetramethylene glycol (PTMG)
having improved properties with respect to both heat
resistance and low viscosity.
It is another object of the present invention to
provide a method for effectively and efficiently pro-
20 ducing the above-mentioned PTMG having improved proper-~
ties with respect to both heat resiétance and low vis-
cosity.
The foregoing and other objects, features and ad-

vantages of the present invention will be apparent to

25 those skilled in the art from the following detailed



10 Exanple 6 which shows the nol ecul ar wei ght distribution of the PTMG
wherein the abscissa shows the logarithm (log) of the nol ecular weight,

t he ordi nate shows the weight % of conponent PTMG nol ecul e, based on the
total weight of all PTMG nol ecules, the intersection of the 15 vertical
straight broken Iine and the absci ssa shows, the | ogarithm of the nunber
average nol ecul ar weight, and the area of ?he hat ched portion shows the
anount of the PTMS nol ecul es havi ng nol ecul ar wei ghts which are at | east
six tines as | aAGECHEIPEALT, @Rk they annpndad glalms takedi Yhicymegiioms
nmol ecul es. Desc 'gtion of Reference Nunerals 1: stirrer 2: reactor 3:

wat er feeding t%ik oEhg. accompanydng AAgS on vessel 8 5: distillation
vessel 6: second, phase-separation vessel 7: adsorption colum 8:
distillation colum 5 9: third, phase-separation vessel 10: vacuum
distillation vessel DETAILE PT] . QN..O ) one aspect of
the present invention, there 8 et roryexytertanet hyl ene gl ycol
(PTMO5) hgving

In the drawings:

" Fig. 1 is a schematic diagram showing the produc-
tion system used for the PTMG of the présent invention;
and

Fig. 2 is a chromatogram of the PTMG produced in
10 Example 6 which shows the molecular weight distribution
of the PTMG, wherein the abscissa shows the logarithm
(log) of the molecular weight, the ordinate shows the
weight % of component PTMG molecule, based on the total
weight of all PTMG molecules, the intersection of the
15 vertical straight broken line and the abscissa-shows
the logarithm of the number average molecular weight,
and the area of the hatched portion shows the amount of
the PTMG molecules having molecular weights which are
at least six times as large as the number average mo-
20 . lecular weight of all PTMG moleculés.
Description of Reference Numerals

1: stirrer |

2: reactor

3: water feeding tank

25 ‘ 4: first, phase-separation vessel



the follow ng characteristics: (1) a nunber average nol ecul ar wei ght of
from500 to 3000; (2) a nolecular weight distribution of 1.8 or less 15
in terms of the MV Mh ratio, wherein Mv represents the weight average

nol ecul ar wei ght of PTMG and Mh repre- sents the nunber average nol ecul ar
wei ght of PTMG (3) a content of high nnlecglar wei ght PTMG no- | ecul es of
from2 to 5 % by weight, based on the total™ 20 weight of all PTMG

nol ecul es, wherein the high nolecu | ar wei ght PTMG nol ecul es are defined as
PTMG nol ecul es  ha%®t ng n@ﬁéééﬂéﬁhm@hgwﬁ§swﬂich are at least six tinmes as

| arge as the nunber average nol ecul ar weight of all PTMS nol ecul es; and 25
(4) a heteropol yacft confegengq phgserceparatdoppyessedy wei ght. | n anot her
aspect of the present invention, there is provided a nethod for producing
the above-mentionell: pol $88PFPEARCOREBRe gl ycol (PTMS), which conprises 5
subj ecting tetrahy rofuaﬁn tg a palynerization reaction in a continuous
pol yneri zation reattor witAtd1d@tdod colgmphe presence of a het eropol yacid

catalyst, while fgeding trahydrof uran to the continuous polyneriza- tion
reactor, > Eéﬁ? A g&ﬁﬁ?ﬁﬁﬂﬁﬁ%ﬁ}qPoﬁﬁﬁﬁﬁﬂusIy -

10: vacuum distillation vessel

10 the pof{neri

DETATLED DESCRIPTION OF THE INVENTION
In one aspect of the present invention, there is
10 provided a polyoxytetramethylene glycol (PTMG) having
| the following characteristics:
(1) a number average molecular weight of from 500
to 3000;
(2) a molecular weight distribution of 1.8 or less
15 - in texrms of the Mw/Mn ratio, wherein Mw represents the
weight average molecular weight of PTMG and Mn repre-
sents the number average molecular weight of PTMG;
(3) a content of high molecular weight PTMG mo-
lecules of from 2 to 5 % by weight, based on the total
20 weight of all PTMG molecules, wherein the high molecu-
;ar weight PTMG molecules are defined as PTMG molecules
having molecular weights which are at least six times
as large as the number average molecular weight of all

PTMG molecules: and

25 : (4) a heteropolyacid content of from 10 to %00 ppb



perfornmed in the presence of water, wherein the water is present in an
anount sufficient to forma tetra- hydrofuran organi c phase and an aqueous
tetrahydro- furan/catal yst phase which conprises a solution of the 15

het er opol yacid catal yst in a tetrahydrofuran/water m x- ture and whi ch has
a specific gravity of from1.8 to 2.3, while maintaining a V/F val ue at
0.5 to 20 hours where- in V represents the Jol une (nB) of the liquid in the
20 reactor and F represents the rate (nB/hour) of feeding tetrahydrofuran
to the reactor B¥% wedghthe V/F value represents the retention time (hour
or hours) of tetra- hydrofuran in the reactor and while nmaintaining a P/V
val ue at 1.3 kWor nBPe apethsim aspegh exorithe tpeesent vinvenipborr Y(heye
applied to the liquid in the reactor and V 10 is ‘as defined above so that
the P/V val ue r&fr P¥ontigied e nakhed fonprofyriny bhel feevegmentionedi d
per unit volune thereof, to thereby obtain a polynerization reaction
mxture 5 coinP%VR&E%Q@%%NQFﬂﬂ#%ﬁ?ﬁﬁﬂY%@%ahgﬂﬂéiurﬁhiﬁhg%ﬂmkriﬁﬁﬁse

cont ai ni pg a pol yt et.ranet hyl ene_gl ycol having a nunber average
ol ecul aP i ghﬁxgéeﬁt&ﬂ%ﬁ@ TAhY ARRL UERR torraBPiBReF dFAbioR gHedGELion

t et rahydr of ur an/ cat al yst hase, 10 separating the reaction-forned
tetrahgdrofuranigrg 6%nti uous po ymeff%atiog reactor with a sgfrrer

in the presence of a heteropolyacid catalyst, while
feeding tetrahydrofﬁran to the continuous polymeriza-
tion reactor,

- 10 - the polymerization reaction being continuously
performed in the presence of water, wherein the water
is present in an amount sufficient to form a tetra-
hydrofuran organic phase and an aqueous tetrahydro-
furan/catalyst phase which comprises a solution of the

15 heteropolyacid catalyst in a tetrahydrofuran/water mix-
ture and which has a spécific gravity of from 1.8 to
2.3,
while maintaining a V/F value at 0.5 to 20 hours where-
in V represents the volume (m3) of the liquid in the

20 reactor and F represents the rate (m3/hour) of feeding
tetrahydrofuran to the reactor so that the V/F value
represents the retention time (hour or hours) of tetra-
hydrofuran in the reactor and while maintaining a P/V
value at 1.3 kW or more wherein P represents the motive

25 power (kW) applied to the liquid in the reactor and V



gani ¢ phase containing the pol yoxytetranethylene glycol fromthe

pol yneri zation reaction m xture, and adjusting the heteropol yacid content
of the poly- oxytetranethylene glycol to a level of 10 to 900 ppb by 15
wei ght. Hereinbel ow, the present invention will be de- scribed in nore
detail. The pol yoxytetranethyl ene glycol (P> of the 20 present

I nvention is a mxture of polyner chains each independently represented by
the follow ng fprnula : - - O CH2CHRCH2CH2- ) m . OH (1) wherein,, mis

i ndependent | y aﬁsiﬁ?eaéilBFH BPeYe S0 ¢ ,tﬁﬁw§2¥wﬂﬂ%ﬁ%r%ﬁﬁ%?%%P@ﬁoo. 11
It should be noted th%i there is no n%Fd'for t he PTMS nol ecul es of the
present invent FBR PEtHYGPRWEIJM¥/M R apRigiad 1t the HigHE fel WHb (o
4000 in terns | The nunber average nol ecul ar wei ght (M) of
t he PTMG of thgé%%ﬁﬁgn#ﬁegﬁgg%tion is within the range of from500 to 3000.

A preferred rangg %e%b. fso@& itno at %)\?(\ﬁ%%ﬂﬁ%&@f}ﬂ&% %e?e[ﬁh%orl anl.:pl.g.:\ cat

resi stance becones nost significan e range from 700

to 2300, f 8Q0 . | ' i ' i
(M N T30 o) (RarPE iR e FActith: (ind® Sk diyditaliod LS 0T e
present inventigRak8 &oRt84nif3fa HANS: é%éh#%ﬁﬁ¥%é&§*bl§ﬁﬁhrﬁﬁﬁing

preferably 1.66 or less. A PT havi ng an exc oW VI scosity

characteristic asn@hbarnadeMae WA MY ididght S Brdh 866 Sto 900

above-nmenti oned Mh and Mv val ues are determ ned by gel perneation
and a reaction-formed agueous tetrahydrofuran/catalyst

phase,

10 separating the reaction-formed tetrahydrofuran or-
ganic phase containing the polyoxytetramethylene glycol
from the polymerization reaction mixture, and

adjusting the heteropolyacid content of the poly-

oxytetramethylene glycol to a level of 10 to 900 ppb by
15 weight. '

Hereinbelow, the present invention will be de-
scribed in more detail.
The polyoxytetramethylene glycol (PTMG) of the
20 present invention is a mixture of polymer chains each

independently represented by the following formula (1):
H |{—0-CH,CH,CH,CH, —}—OH (1)

wherein, m 1s independently an integer of

from 2 to 4000, preferably from 2 to 2100.



chromat ography (GPC). The conditions (apparatus, types of colums,
tenperature, type and flow rate of carrier (eluent), nolecular weight
standards and the like) for the GPC aqzl ysis are shown bel ow. Apparat us:
Shodex GPC system 11 (rmanufactured and 'sold by Showa Denko K K., Japan.);
Col ums: Shodex OHpak SB806M (two columms) and 12 Shodex OH pack SB802.5

(one colum) (each manufactured and sold by Showa Denko K. K., Japan)
Det ect ory; enti,al ract onet er Tenpe

ol 711 et SEBP@f’ﬁsnn%Fddﬁg ik %tﬂﬁﬁiwt M SRR, S Ghesch®?
carrier:, 1.0, m/mn; | e: 100 i of 0.88 PTMG solution in the 10

carrier; \éﬁiﬂ'%’loe'mea?" ml@cmla%wgm instherrange ofifram24to 4000 in tamsrof-the
1.35), Mh = 283,000 (MM Mn = 1.08), M1 = 99,000 (MW M1 = 1.08), M =
67,000 (Veluevm.= 1.04), Mh 35,500 (MW Mh = 1.06), M1 = 15,000 (MV Mh = 15
1.09), Mh = 6,700 (Mv My = 1.13), M1 = 2,170 (MM M1 = 1.12), M = 1,300
(MM Wn = 1.12). Mh = 650 (MM M1 = 1.18), and THE nononer. In the present

i nvention, for inproving the heat resistance of PTM5 it is necessary that

the content ofhe number average molecular weight (Mn) of the PTMG of the present

invention is within the range of from 500 to 3000. A preferred range of Mn is 650 to
30000. The improvement in the heat resistance becomes most significant when Mn

is within the range from 700 to 2300, preferably from 800 to 2200.

The molecular weight distribution (Mw/Mn ratio}) (Mw is a weight average
molecular weight) of the PTMG of the present invention is 1.8 or less, preferably 1.7
or less, and more preferably 1.66 or less. A PTMG having an excellent low viscosity

characteristic is obtained when the Mn/Mw ratio is 1.8 or less.

The above-mentioned Mn and Mw values are determined by gel permeation
chromatography (GPC). The conditions (apparatus, types of columns, temperature,
type and flow rate of carrier (eluent), molecular weight standards and the like) for the
GPC analysis are shown below:

Apparatus: Shodex GPC system-11 (manufactured and sold by Showa Denko

KK., Japan.);

Columns: Shodex OHpak SB806M (two columns) and




20 hi gh nol ecul ar wei ght PTMS nol ecul es (nanely, PTMS no | ecul es havi ng

nol ecul ar wei ghts which are at least six tinmes as |arge as .the nunber
average nol ecul ar weight of all PTMG nol ecul es) be within the range of
from2 to 5 %by weight, based on the total weight of all PTM5 25

nol ecules. It is nore preferred that the content of 13 the high nolecular
wei ght PTMG nolecules is 2.0 to 3.5 % by weight, nost preferably 2.0 to 3.0
% by weight, based on the total weight of all PTMG nol ecules. In general,
| ow nol ecul ar wei ght PTMG nofBedr¥sOHr paghn SB8H21Sr d@neo cedwnn Jov elasdx

resi stance, and the high no- |ecul ar weight PTMS nol ecul es defined in the
present invention suppress Reapfastexsdsandosadd pyvShowe BgmkoaK. K.,
interaction thereof with the_l ow nol ecul ar wei ght PTMS nol ecul es which are
likely to suffer heat deconp8@PBMdition. However, when the content of the

hi gh nol ecu- | ar Lght . PTMG cules.is nore than 5 % by weight, the
PTMG is |ikely tomggggfgpg’inﬁgkfﬁﬁeﬂﬁégisFeﬁ5ﬁ8F9m9§e§élid phase

consi stigg essenti f.high egcular weight PTMG nol ecul es and a
l'iquid pﬁase consi?%#ﬁ&ggguf%'sgﬁbiaﬁry of | ow nol ecul ar wei ght PTMG

nol ecul es. Thus, L.gh | egu] Lght P nol e ar,e not uni -
formy dispersed i%g? gbgThgy'ﬁ% ?ﬁéﬁﬁgt%fwﬁﬁﬂﬂ$&°PnF&B#gsﬁhéﬁ% I n the heat
resistance is not large. On &Eﬁefﬂ&&ﬁ&egﬁﬂqdéwhen the content of the high
nmol ecul ar '

Flow rate of the carrier: 1.0 ml/min;
Sample: 100 pl of 0.8% PTMG solution in the
10 carrier; and
Molecular weight standards: PTMG, Mn = 547,000
(Mw/Mn = 1.35), Mn = 283,000 (Mw/Mn = 1.08), Mn =
99,000 {Mw/Mn = 1.08), Mn = 67,000 (Mw/Mn = 1.04),
Mn = 35,500 (Mw/Mn = 1.06), Mn = 15,000 (Mw/Mn =
15 1.09), Mn = 6,700 (Mw/Mn = 1.13), Mn = 2,170 {Mw/Mn
= 1.12), Mn = 1,300 (Mw/Mn = 1.12), Mn = 650 (Mw/Mn
= 1.18), and THF monomer.
In the present invention, for improving the heat
resistance of PTMG, it is necessary that the content of
20 high molecular weight PTMG molecules (namely, PTMG mo-
lecules having molecular weights which are at least six
times as large as the number average molecular weight
of all PTMG molecules) be within the range of from 2 to
5 % by welght, based on the total weight of all PTMG

25 molecules. It is more preferred that the content of



20 wei ght PTMG nol ecules is less than 2 % by weight, the high nolecul ar

wei ght PTMG nol ecul es tend to be uni- formy dispersed in the PTMG

however, the inprovenent in the heat resistance becones small because only
a small anount of high nol ecular weight PTMG nol ecules is 25 contained in
the PTMa 14 Wth respect to the PTMG of tiw present invention, the
definitions of the nunber average nol ecul.ar weight (M), the nol ecul ar

ol Scul e wni cr b et P efR i GegRRE B mod B, Y o 6 P o
formi . Nh - kTN MY PoRentT n BRSERERIN -9 " dbroduhiue e
nurber of 0 ahe8iothe B JSHSRE ISR S AR 0ol
e 3 o ezt SRR el 0 O MEIM RS
L " SRS R v L, e R OGS TV
as lecular weight PTMG molecules defined in the present
invention suppress heat decomposition of PTMG through
an interaction thereof with the low molecular weight
PTMG molecules which are likely to suffer heat decompo-
10 sition. However, when the content of the high molecu-
lar weight PTMG molecules is more than 5 % by weight,
the PTMG is likely to separate into two phases, namel}
a solid phase consisting essentially of high molecular
weight PTMG molecules and a liquid phase consisting es-
15 sentially of low molecular weight PTMG molecules. Thus,
the high molecular weight PTMG molecules are not uni-
formly dispersed in the PTMG. In such a-PTMG. the im-
provement in the heat resistance is not large. On the
other hand, when the content of the high ﬁolecular
20 welght PTMG molecules i1s less than 2 % by weight, the
.high molecular weight PTMG molecules tend to be uni-
formly dispersed in the PTMG; however, the improvement .
in the heat resistance becomes small because only a
small amount of high molecular weight PTMG molecules is

25 contained in the PTMG.




20 the nunber average nol ecul ar wei ght (high nolecular weight PTMG

nol ecul es), based on the total weight of all PTMG nol ecules, is determ ned
fromthe area of a chromatogram obtained by GPC (see Fig. 2). In the
present invention, a heteropolyacid is an 25 acid obtained by the
condensation of an oxide of at 15 |east onggnetal species selected from
the group con- sisting of nolybdenum (M), tungsten (W and vanadium (V),

and an oxyacid of other elenents, such as phospho- rus (P), silicon (Sl)
arsenic (As), ger rranwgitrp( @FPeS’tbGPoth@B)P'IQﬁ chhithe Priosentedinyg

one or rore of FRBaASTABIEIERs ko Hite DA, 2GS ATIRSth a%a?'e%(a”y
25 (o 12. 10 THEMer 5 °h¥3&au&a&8ﬁ%%4ﬁrﬁ$v%%&ﬁr?ﬂ Ce'rSr'mS
aci 4 SSLEspﬁﬁfﬁ*ﬁé*sl?. ?ﬁag%' B o B i e L o R MR b

vanadi ¢ gcid, ppg hglror& %q_%g:us,%g@van%% f?ngéteastwsjgpotsfhot u?%l y%%qagagglcd

aci d, phosphonn onlo B e A 1'C ac
5|I|conDIy bdoggnggglg a%&%e&iJ |cgﬂp&%ggghﬂpgstovanadlc_aC|d |
ger manot ungsti c aci orotungstic aci oronol ybdic acid,
bor onol ybdot ungstic @giyd, Mo 2nPLyRdAUARRE by?the Following formula:
Mn = T (NiMi} /ZNL
In the above formula, Ni represents the number of mo-
10 lecules i, and Mi represents the molecular weight of
mdlecule i.

(2) The weight average molecular weight (Mw) whi-
ch is used in the formula Mn/Mw is represented by the
following formula:

15 Mw = Z (NiMi?) /3 (NiMi)
In the above formula, Ni and Mi are as defined above.
Mn in the formula Mn/Mw is defined in item (1)} above.
(3) The content of PTMG molecules having molecu-
lar weights which are at least six times as large as
20 the number average molegular welght (high moclecular
weight PTMG molecules), based on the total weight of
all PTMG molecules, is determined from the area of a
chromatogram'obtained by GPC (see Fig. 2).
In the.present invention, a heteropolyacid is an

25 acid obtained by the condensation of an oxide of at



20 bor onvol ybdot ungst ovanadi ¢ aci d, cobal tnol bdic acid, cobalttungstic
aci d, arsenonol ybdic acid, arsenotung- stic acid, titanonolybdic acid and
ceronol ybdic acid, and netal salts thereof. A preferred heteropolyacid is
an oxyaci d obtained by the condensation of an oxide of 25 at |east one
met al species selected fromthe group con 1fss sisting of Mo, Wand V, and
an oxyacid of at |east one elenent selected fromP and Si. The

het er opol yacid £0 nt _of PIMS i s expre in ternms of the total anount
(ppb) of mol ybd%%%%r? ?Hﬁg“‘% EReSHESy i&PGmdl Frofe ther GRovR wani-d,

contai ned i n t Rl EREY; 8% 19 ‘?x%saug%“@ﬁ'%a i tane 0 Bk SBRAHITTG | <
by’ 10 el ght,  nors pEafcfn, pTgAD odit %bs%"eé%‘%%’”ta?{‘ o AR
1o T et ol 2 BTl o PR Rl
o els o, SR el Y Wi T I Bl
of 201 d_ar oups ’.‘ﬁ“@ﬁ?‘ﬁé?é?ﬁé??@%ﬁ?%ﬂi SEAHES, K°HER nBtel, ﬁﬁeﬁﬁﬂﬁydr o'xtyly
groups in a pl u@yt¥nef oFTMore of metals selected from the group con-
sisting of Mo, W and V) contained in the heteropolyacid
to other elements in the heteropolyacid is 2.5 to 12.

10 The heteropolyacid contained in the PTMG may be in
the form of a salt. Specific examples of heteropoly-
acids include phosphomolybdic acid, phosphotungstic
acid, phosphomolybdotungstic acid, phosphomolybdo-
vanadic acid, phosphomolybdotungstovanadic acid,

15 phosphotungstovanadic acid, phosphomolybdoniobic acid,
silicotungstic acid, sllicomolybdic acid, silicomoly-
bdotungstic acid, silicomolybdotungstovanadic acid,
germgnotungstic acid, borotungstic acid, boromolybdic
acid, boromolybdotungstic acid, boromolybdovanadic acid,

20 boromolybdotungstovanadic acid, cobaltmolbdic acid,
qobalttungstic acid, arsenomolybdic acid, arsenotung-
stic acid, titanomolybdic acid and ceromolybdic acid,
and metal salts thereof. A preferred heteropolyacid is
an oxyacid obtained by the condensation of an oxide of

25 at least one metal species selected from the group con-




20 nol ecules to formcrosslinking sites. As a result, a

PTMG het er opol yaci d conpl ex having a low nobility is conposed and the heat
resi stance of the PTMcis im proved. Wen the heteropol yacid content of a
PTMGis nore 25 than 900 ppb, not only does an occurrence of discolora 17
tion of the PTMG due to the heteropol yacid gcone sig- nificant, but also a
part of the heteropolyacid becones <crystallfine to thereby pronote the
depol yneri zation of the PTMG On the other hand, when the heteropolyacid 5
content of a PTREStinge®f Moan Wi@nshlV. @ndhaAn mxyisl ofatrpast onel
complex is formed and, thus, the heteropolyacid is incapable of inproving
the heat re- siSLemeBt sRdecdndefiromP @G Henum tungsten and vanadi um
10 in the PTMG are dehgrnined mai_nly by | CP-Mass spectrone- try. The PTMG
of the present inventPEnh@feaendyagish copkant of & HME A $HRFFRDsi ty

may contain congo-tnents %Iq§{ than PTMG as | ong as the conponents cause 15
no adverse ef f etPs *68FMEh &%y MGt ) ARRURE ) Lf Jpelebderyum. HuRg-

SRl S R SR N T
produced duri ngthgewgq_lgy{egf; at&'leo%lr!f@.Ct %%h E*:[i'lde Sa?ntol{mt of heteropoly-
acid contained in the PTMG is 10 to 900 ppb, the heat
‘resistance of the PTMG is improved. It is preferred
that the heteropolyacid content is 30 to 800 ppb by
10 welght, more preferably 50 to 600 ppb by weight.

It 1s considered that individual heteropolyacid
molecules influence the hydroxyl terminal of the PTMG
molecule which has high mobility. In general, the hy-
droxyl terminals of a low molecular weight PTMG molecu-

15 le have high mobility, ahd such hydroxyl terminals are
considered to be likely to suffer heat decomposition.
Since a heteropolyacid is a polyvalent acid, a plural-
ity of acid groups in one heteropclyaclid molecule in-
teract with the hydroxyl groups in a plurality of PTMG

20 molecules to form crosslinking sites. As a result, a

| PTMG-heteropolyacid complex having a low mobility is

composed and the heat resistance of the PTMG is im-
proved.

When the heteropolyacid content of a PTMG is more

25 than 900 ppb, not only does an occurrence of discolora-



20 rated hydrocarbons having 5 to 10 carbon atons and ac- tivated carbons,
both of which are used in the below -nentioned operations for adjusting

t he heteropolyacid content of a PTMa Wen for exanple, less than 1 % by
wei ght of THF, 3 % by weight or less of a cyclic PTM 25 1 % by wei ght or

| ess of a saturated hydrocarbon having 18 to 10 carbon atonms and | ess
than 100 ppm of an acti- vated carbon (each % is based on the weight of the
PTM5 are incorporated into the PTMG of the present in- vention,

substanti al | y rnelemlvefsthenPTHendus ioe thaudededopolyasidr becomecsig- an
ultimate elastic fiber. Espe- cially, when a PTM5 contains a cyclic PTMG in
an amount of O*bbicanpte. butopBgonai part ke thes hedierppeflvegd dohasomes
advant ageously | owered without causing a |lowering of the heat resistance.

10 The det ai | s @BHStapdingntrnbherebynpromotee thegdepodymerdirad ism HHPTVG

I's achieved in the present inven- tion is still unknown. However, it is
consi dered to bE*€a8THGr| R the ekhkepThend: whenptbechetproPALYEF1G: he
nol ecul weight distributionis 1.8 _or less. By vir 15 tue of this, 2 to 5

% by weiyht of TPRCARGhOFoPeEME LsudEgf HoANG LhbRRbu Sdmest Mo JTMG y

s mpr oved. | o ARHFFPBRLYARA% PBRISSH it L e A e A O - (ROPTNG 15

considered to 9@&%&r8£5998chﬁ 1s incapable of improving the heat re-
sistance.

The contents of molybdenum, tungsten and vanadium

10 in the PTMG are determined mainly by ICP-Mass spectrome-
try.

The PTMG of the present invention which has high
heat resistance and low viscosity may contain compo-
nents other than PTMG as long as the components cause

15 no adverse effects on the ultimate products, such as an
elastic‘fiber. Examples of other components include
tetrahydrofuran (hereinafter, frequently referred to as
"THF") used as a raw material, a cyclic PTMG by-
produced during tﬁe polymerization reaction, and satu-

20 rated hydrocarbons having 5 to 10 carbon atoms and ac-
tivated carbons, both of which are used in the below
-mentioned operations for adjusting the heteropolyacid
content of a PTMG. When for example, less than 1 % by
welght of THF, 3 % by weight or less of a cyclic PTMG,

25 1 % by weight or less of a saturated hydrocarbon having



20 teractions with the term nal hydroxyl groups of the PTMsto thereby
suppress the notion of the PTM5 nol ecu- |es which notion is likely to be
caused by the heat added to the PTM5 so that the heat resistance of the
"PTMG is inproved. 25 19 |In another aspect, the present invention provides
a preferred nethod for producing the above-ggntioned

pol yoxytetranet hyl ene glycol (PTM3 having excellent properties with

respect to both_.of high heat resistance, 5 and.l ow vjscosit The net hod of
e present § nventPohSCBRTPPELE RS Sk aRP (AR G HF (2 POtL-

e present h°c _ P CErar -
Stitrer in thevpredehenop 3enih o0 ke B AR AT S5 ettt 10 Mg
Let rahydr of ur afpic) Ner&OILLAIS- ALY TS WL Lrke 5 Hne Wiesont. 1n-

pol yneri zation reacti on bé&i'ng contlnuo presence’ of

water. wherein YBRRIBLCT subbeiiRSNL) hAAIBIN SETISIEN dfoatlmey

tetra 15 hydrofuran organi c phasé and an aqueous t a ur an

phase which conghi $gg %r%%%ii% Q.-Idf Wc iﬁm@@%y L CA{ b ¥ St Hdbet

t et r ahydr of ur an/ wat er x- ture an as a specifrc gravity of from
1.8 to 2.3, cially, when a PTMG contains a cyclic PTMG in an amount

of 0.003 to 0.03 % by weight, the viscosity of the PTMG
is advantageously lowered without causing a lowering of
the heat resistance.

The detaills about how an improvement in the heat
resistance of a PTMG is achieved in the present inven-
tion is still unknown. However, it is considered to be
as follows. In the PTMG of the present invention, the
molecular weight distribution is 1.8 or less. By vir-
tue of this, 2 to 5 % by weight of thé high molecular
weight PTMG molecules can be stably dispersed in the
PTMG, so that the heat resistance of the PTMG as a
whole is improved. In addition, the heteropolyacid
contained in the PTMG is considered to cause strong in-
teractions with the'terminal hydroxyl groups of the
PTMG to thereby suppress the motion of the PTMG molecu-

. les which motion is likely to be caused by the heat
added to the PTMG, so that the heat resistance of the

PTMG is improved.




20 while maintaining a V/F value at 0.5 to 20 hours where- in V represents
the volune (nB) of the liquid in the reactor and F represents the rate
(nB/ hour) of feeding tetrahydrofuran to the reactor so that the V/F val ue
represents a retention tine (hour or—hours)-of tetra 25 hydrofuran in the
reactor and while nmaintaining a P/V 20 valﬂg at 1.3 kWor nore wherein P
represents the notive power (KW applied to"the liquid in the reactor and
V is as defined above so that the P/V value represents the notive power
(kWnB) applied to the anqthdrpespecitt, thevpresenthdnyention prevdldesobt ai n
a polynerization reaction mxture conprising a reaction-formnmed '

t et r ahydr of ur ana cpyafierregh med hodn tfximipmpdngisigy dhet @bawesmentdianed ycol
having a nunber average nol ecul ar weight of from500 to 3,000 10 and a
react i on- f or nedr@dvesns etrameiparlene g/ aelal (BIMG ) Rl ng @rgeklenft t he
reaction-forned tetrahydrofuran or- ganic phase containing the

pol yoxyt et r anet ByPRAELdRFc Wi thy mesnaat J& \path of iMah Rt FrFis&ane® and

15 adjusting the heteropol yacid content of the poly- oxytetranethyl ene
glycol t® a | ev@PdolO¥0oVAECOSEI t¥b by weight. The reaction systemused in

the nethod of the pre- sent _invention conprises a tetrahydrofuran (THF) or-
The method of the present invention ‘comprises 'sub-

jecting tetrahydrofuran to a polymerization reaction in

a continuous polymérization reactor with a stirrer in

the presence of a heteropolyacid catalyst, while feed-
io ing tetrahydrofuran to the continuous polymerization

reactor,

the polymerization reaction being continuously

performed in the presence of water, wherein the water

is present in an amount sufficient to form a tetra-

15 hydrofuran organic phase and an aqueous tetrahydro-
furan/catalyst phase which comprises a solution of the
ﬁeteropolyacid catalyst in a tetrahydrofuran/water mix-
ture and which has a specific gravity of from 1.8 to
2.3,

20 while maintaining a V/F value at 0.5 to 20 hours where-

in V represents the volume (m3) of the liquid in the
reactor and F represents the rate (m3/hour) of feeding
tetrahydrofuran to the reactor so that the V/F value
represents a retention time (hour or hours) of tetra-

25 hydrofuran in the reactor and while maintaining a P/V



20 gani ¢ phase and an aqueous THF/ catal yst phase which conprises a sol ution
of the heteropolyacid catalyst in a THF/ water m xture and which has a
specific gravity of from 1.8 to*2.3. A heteropolyacid is sparingly soluble
i n an anhydrous THF, but well soluble in a m xed sol 25 vent prepared by
adding a small amount of water to THF. 21 A heteropol yacid sol ution having
a specific gravity of from1.8 to 2.3 can % prepared by dissolving a

het ero- polyacid in the m xed solvent in which the amounts of water and
THF cont ai ned theElwe natial. BekW adj moired wherkinh®t relpeesendisl ithegmatite of
the resultant heteropoly- acid solution falls within the above-nentioned
range. Wen t ipowéms( W pappdikdt ¢oohbley ddiguiigotimt itdue ireastdaed ando VTHF

the resultant reaction system separates into two phases, nanely a THF

organi ¢ phase dinl as defined aboVeFsvathlatsttheh@yy (iedue mepmesenttsequent |y
referred to as "aqueous THF/ catal yst phase” or sinply as "catal yst

phase"). The reds@mahiveupbwerr ¢xil/md) spgildmd toolthet diimpd d pewturfid] |y
elucidated, but it is considered that a small anmount of water is
coordi nated to YHung hb@@ﬁ@ﬁ@lyacid Her ei nbel ow, an expl anation is made

on the repre- sentative exanple of a nethod for producing the PTMG of the
present i nvent i 9. hﬂrQBMePHﬁaiPTﬁGHQ%ﬂﬂQﬁiﬁﬁ&iQﬂ/Q%ﬁﬁiiQﬂnmiﬁiﬂﬁP

comprising a reaction-formed tetrahydrofuran organic
phase containing a polyoxytetramethylene glycol having
a number average molecular weight of from 500 to 3,000
10 and a reaction-formed aqueous tetrahydrofuran/cétalyst
phase,
separating the reaction-formed tetrahydrofuran or-
ganic phase containing the polyoxytetramethylene glycol
from the polymerization reaction mixture, and
15 adjusting the ﬁeteropolyacid content of the poly-
oxytetramethylene glycol to a level of 10 to 900 ppb by
welght.
The reaction system used in the method of the pre-
sent invention comprises a tetrahydrofuran {(THF) or-
20 ganic phase and an agueous THF/catalyst phase which
comprises a solution of the heteropolyacid catalyst in
a THF/water mixture and which has a specific gravity of
from 1.8 to 2.3. A heteropolyacid is sparingly soluble
in an anhydrous THF, but well soluble in a mixed sol-

25 vent prepared by adding -a small amount of water to THF.



20 merization of THF in the presence of an acid catalyst. However, wth
the conventional polynerization nethod, it is very difficult to produce a
PTMG of the present invention which has specific nol ecul ar wei ght

di stribu- tion properties, that is, a PTMG having a nol ecul ar 25 wei ght
distribution of 1.8 or less and having a ligited 22 content of 2 to 5 % by
wei ght with respect to high no- |ecular weight PTMS nol ecul es, wherein the
hi gh nmol ecu- | ar wei ght PTMG nol ecul es have nol ecul ar wei ghts which are at
| east six tinmeshabetgrgpodyadid malbion dranjnd aipeclbikc vt tyfofl |
PTMS nol ecul es. Specifically, the reaction conditions need to be

control | ed precf&8myl.Botoylod@ay bridFepra®d bY |dist0king|§ ketexrer in
t he met hod of the_pre- sent invention, use is made of a continuous

pol yneri za- 10 PPé¥ardscday tha mixed isqlsreniynip sfipiohrthe Apeunty of

continuously to the reactor _and the produced PTM5 can be w t hdrawn

continuously f rgﬁtﬁﬁe aNGa it .COALIRA LheRett IRt PRARIYPHISERA FPs used
15 SuslySper  or FBRY Ko SRR XAV I B TR FOALIARE R TPEPRAT T o
f THF ' h THF d THF, t t ph

whi e cont rol 1 RGLAh S8R SRERT el thd WheVE mentLondatEandaner i n
V. represents tﬁﬁeﬁok%%FﬂHH@ ﬁgeﬁg¥%éiﬁﬁ%é&éﬂbi;ﬁ%fgagéfﬁtion is added

to THF, the resultant reaction system separates into

two phases, namely a THF organic phase and an aqueous
10 THF /catalyst phase (hereinafter, frequently referred to
as "aqueous THF/catalyst phase” or simply as “catalyst
phase”). The reason why such a reaction system is ob-
tained is not fully elucidated, but it is considered
that a small amount of water is coordinated to the
15 heteropolyacid.

Hereinbelow, an explanation is made on the repre-
sentative example of a method for producing the PTMG of
the present invention.

In general, PTMG is produced by a cationic poly-

20 merization of THF in the presence of an acid catalyst.
| However, with the conventional polymerization method,
it is very diffiéult to produce a PTMG of the present
invention which has specific molecular weight distribu-
tion properties, that is,.a PTMG having a molecular

25 weight distribution of 1.8 or less and having a limited



20 and F represents the rate (nB/ hour) of feeding THF to the reactor) and
while controlling the notive power (P/V) applied to the |iquid per unit

vol une thereof {wherein P represents the notive power (kW applied to the
liquid in the reactor and V represents the volune 25 (nB) of the liquid in
the reactor). In addition, as 23 nentione bove, during the continuous
production of PTM5 the two phases (the THE organi c phase and the aqueous
THE/ cat al yst phase), which are inportant for producing the PTMG of the
present invent Ghtenk ok 2atg §i fbybiowedghty wihths meispgcindcadilad mog t he
specific gravity of the aqueous THE/ catal yst phase to 1.8 to 2.3 so as to
control the an&%uﬁrvﬁ?éﬂhﬁogmﬁn&*@@cﬂdeﬁheWhl%@émoﬁk(bleyé?éig@. mpiecu-

nol ecul ar wei ght distribution properties of the obtai ned PTMG can be

control | ed by cHt it | PEYGt melegudesi bayeaWolp oyl aph wedghdisy shighase,
the retention tinme (V/ of THE in the reactor and the notive power (P/V)
applied to the ﬁ’?eqlé‘a g%?s'ﬁn?ilxv?imﬁsrréspflaﬂ?@ AEa s numbesh GYIEFAgE not ed
65-3003% (cor - MURRINERR Ve bt sotpaldn PTG mplesnisss) Seebifbeeiikat the
ey O ek P AORLSR  bnds DR RRRA g e AN ] RS
between the g4 producing such a PTMG.
| Iliustratively stated, in the method of the pre-
sent invention, use is made of a continuous polymeriza-
10 tion reactor with a sfirrer, wherein THF can be fed
continuously to the reactor and the produced PTMG can
be withdrawn continuously from the reactor. The above-
mentioned heteropolyacid is used as a polymerization
catalyst, and the polymerization reaction is continu-
15 | 6usly prerformed in the presence of water in an amount
sufficient to form a THF organic phase (THF phase) and
an agueous THF/catalyst phase, while controlling the
refention time (V/F) of THF in the reactor {wherein V
represents the volume (m3) of the liquid in the reactor
20 and F represents the rate (m3/hour) of feeding THF to
the reactor} and while controlling the motive power
(P/V) applied to the liguid per unit volume thereof

{wherein P represents the motive power (kW) applied to

the liquid in the reactor and V represents the volume

25 (m3) of the liguid in the reactor}. 1In addition, as



20 anmount of water coordinated to a heteropolyacid cata- |yst and the
nunber average nol ecul ar wei ght of a PTMG obtained by polynerizing THE in
the presence of the heteropolyacid catalyst. However, although this patent
docunent describes that the nol ecul ar weight distribu 25 tion of the
obtained PTMGis narrow, it contains no de %é scriptions about controlling
t he nol ecul ar wei ght dis- tribution propertfes. During the course of the
studies on the reaction conditions for stably producing the PTMG of the
present 5 invenehgionede abeye .a dydaid i thedentimoweigimduatsion i it i on
properties, the present inventors have found that the nol ecul ar wei ght

di stribution prBEME:| &heoftwe phEwescdihre THMtoxganit phase and vikeiout
changi ng the nunber average nol ecul ar wei ght thereof by controlling 10 the
retention tine 3FUERESHTIFwataiyst whase ¥ eathich rare Himpertagttfohase
while feeding THF in a constant anount, relative to the volune of the
aqueous THF/  cBTSAisinghidhe BIMG of dhe dresent nkoventlion. ¢anjke ea-

consi dered t hat &Ee substantial tine of reaction can be 15 made constant by

control | Png bot fittKe TRFHGH Bt madfWHag SRAisdugting (Yherspeeltfeous
T Catal VSt Py, W e i P e SEESTERPESE, B
PTMZ, whi | e naiggaggi@%1gg%€¥gﬁx¥héﬂ§¥é%§% of water coordinated to the
heteropolyacid. The molecular weight distribution
properties of the obtained PTMG can be controclled by
10 controlling the specific gravity of the catalyst phase,
the retention time (V/F) of THF in the reactor and the
motive power (P/V) applied to the liguid per unit volu-
me of the reactor.
It should be noted that Unexamined Japanese Patent
15 Application Laid-Open Specification No. 63-30932 (cor-
responding to U.S. Patent No. 4,568,775} describes that
the amount of water coordinated to a heteropolyacid
catalyst influences the catalytic activity of the cata-
.lyst, and that there is a correlation between the
20 amount of water coordinated to a heteropolyacid cata-
lyst and the number average molecular weight of a PTMG
obtained by polymerizing THF in the presence of the
-heteropolyacid catalyst. However, although this patent

document describes that the molecular weight distribu-

25 tion of the obtained PTMG is narrow, it contains no de-



20 nol ecul ar wei ght of the PTMG at a constant value. In the above-nentioned
pol yneri zation nmethod, a part of the polynerization product (PTM5 is
sanpled during the polynerization reaction so as to deternmne the

nol ecul ar wei ght distribution properties thereof. 25 Based on the results
of the determ nation, the nolecu 25 Ilar meight di stribution properties are
controlled in the foll ow ng manner. A react$ on system for polynerizing THE
using a heteropolyacid as a catalyst is an enulsion in which a 5
reaction-fornmeds bigani abphiseondrbiiliingg thepmojeenlard weight dis-
reaction-fornmed aqueous THE/ catal yst phase are nutually dispersed in each
other both in tWelb@theniprgpeptlies. The pol ynerization reaction is
considered to take place in. the aqueous THE/ catal yst phase. In ac 10
cordance with the prld¢Fiag bhet@eupseyntr thet stndlescont the, relaetRolG

di ssolved in the agueous THE/ catal yst phase is partitioned between the
agqueous THE/caf%ﬁ%éktiﬁm%sﬁoﬁnﬁtﬁh YTBEOGbgdndc thisaPIMCGand the prmsendf
par- titjon regfhes an equilibriumunder specific reaction 15 conditions
and becches st ?%ﬁﬂﬁéhn iehohas pnspegdficomedesudar weNghtaviisy a

specific aver age #Eng r_nol ecul ar weight, the retention time of raw
material THE i n-thet abtRRECREEFLSFal ;%QP pPrREasat dnyentozls davesSoumd t he

mol ecul ar wei ghty, g sq molecular weight distribution properties of a
PTMG can be controlled precisely without changing the
number average molecular weight thereof by controlling

10 the retention time of the monomer (THF) which reacts in
the catalyst phase while feeding THF in a constant
amount, relative to the volume of the agueous THF/
catalyst phase in the reactor, to the reactor. It is
considered that the substantial time of reaction can be

15 made constant by controlling both the amount of and.the
specific gravity of the aqueous THF /catalyst phaée in
the reactor. As a result, it becomes possible to con-
trol the molecular weight distribution properties of
the pro@uced PTMG, while maintaining the number average

20 molecular weight of the PTMG at a constant value.

In the above-mentioned polymerizati&n_method, a
part of the polymerization product (PTMG) is sampled
during the polymerization reaction so as to determine
the molecular weight distribution properties thereof.

25 Based on the results of the determination, the molecu-




20 tribution properties of the thus produced PTMs can be controlled. Wth
respect to the PTMG produced in the aqueous THE/ catal yst phase, the

pol ymeri zation reaction proceeds as an equilibriumreaction, but the

pol ynmeri- zation degree is considered to vary in accordance with 25 the
retention tinme of THE (nononer) in the aqueous 26 THF/ catal yst phase.
Since the polyner in the aqueous THF/ catald®t phase is partitioned to the
THF organic phase, the nol ecul ar wei ght distribution properties of the
final PTMG reflkatr whgghel dtekaibotiioh! ptiopeiitiesb arieokomtaRalldeinof the
PTM5 in the aqueous THF/ catal yst phase. For broadeni ng the nol ecul ar

wei ght di stri buthenfodlowiRgMeanhkee.retention tinme distribution of the
nono- mer (THF) in the aqueous THF/ catal yst phase needs to be 10 broadened,
wher eas, for narrow AgrehcthohesysiemnvEoghpolyimetrdizing MHFofusdngTeG, t he
retention tine distribution of the nononer in the aqueous THF/ cat al yst
phase needs toh¢ternappdvedlidThe mecarviilystt ilse anf emud siwmonsr which e
aqueous THF/ cat al yst phase can be controlled, for 15 exanple, by

control I?ng ther@agehien-faamede THF norganicophase soniedming aqedamer
THF/ cat al yst phase and the THF organi c phase. The follow ng nethods (1)
and (2) are the?R9raf Eppedipptfoametoagueeuso THFgatied iedt @itdssn axere

mutually dispersed in each other both in the form of
globules. The polymerization reaction is considered to
take place in the aqueous THF/catalyst phase. In ac-
cordance with the progress of the polymerization reac-
tion, the PTMG dissolved in the aqueous THF/catalyst
pPhase is partitioned between the agqueous THF/catalyst
phase and the THF organic phase, and the state of par-
tition reaches an equilibrium under specific reaction
conditions and becomes stationary.

Therefore, in order to obtain a PTMG having a
specific average number molecular weight, the retention
time of raw material THF in the aqueous THF/catalyst
phase is controlled, so that the molecular weilght dis-
tribution properties of the thus produced PTMG can be
controlled. With respect to the PTMG produced in the
aqueous THF/catalyst phase, the polymerization reaction
proceeds as an equilibrium reaction, but the polymeri-
zation degree is considered to vary in accordance with

the retention time of THF (monomer) in the aqueous




20 distribution of the nononmer in the catal yst phase. (1) The retention
time distribution of the nononer in the aqueous THF/ catal yst phase is
controlled by varying the retention time (VF) of the nonomer in the
reactor. Specifically, V/IF value is increased 25 for broadening the

nmol ecul ar wei ght distribution of 27 the polyner, and the V/F value is
decreased for narrowi ng the nol ecul ar wei distribution of the polyner.
(2) Using a polynerization reactor with a stirrer, the 5 retention tine

di stribution ofTHREcababyet phashe SimeeushdHIwhatysh phesaghsous
controlled by varying the notive power. (P/V) applied to the liquid (per
unit vol une th&fEMgatalyst pbaseods Spetiftiioakkdyto Rhé THFUergandecr eased
for broadening the nolecular 10 wei ght distribution of the polyner, and the
P/V value is iPha@sctheonojpecndarnyedgbtndietuibutiove ghopdirdtiesbeifi on of
the polyner. In the above nethods (1) and (2). V represents the volune
(nm8) of the |idthe FinahePT¥acreElert sheemedeculas wed ahdt di@tsfibotr) of
feeding THE to the reactor, and P represents the notive power (kW applied
to the 13quid $HPRRTPRAELALS Phethec RIMGs AN AbehaauesusoTHR/ catalyst

nmol ecul ar vwﬂgggaégstribution of a PTMGin nethod (1) above by

For broadening the molecular weight distribution
of a PTMG, the retention time distribution of the mono-
mer (THF) in the agueous THF/catalyst phase needs to be

10 broadened, whereas, for narrowing the molecular welght
distribution of a PTMG, the retention time distribution
of the monomer in the agueous THF/catalyst phase needs
to be narrowed. The retention time of the monomer in
the aqueous THF/catalyst phase can be controlled, for

15 example, by controlling the area of and the time of
contact between the agueous THF/catalyst phase and the

THF organic phase.

The following methods (1) and (2) are the
preferred methods for controlling the retention time

20 distribution of the monomer in the catalyst phase.

(1) The retention time distribution of the monomer in
the aqueous THF/catalyst phase is controlled by
varying the retention time (V/F) of the monomer in
the reactor. Specifically, V/F value is increased

25 for broadening the molecular weight distribution of




20 varying the V/F value is explained below During the continuous

pol yneri zation reaction, the variation in the V/F value of the nononer

|l eads to a variation in the average retention tinme of the nonomer in the
reactor. \Wen the average retention tinme is 25 long, the retention tine

di stribution of the nmononmer in 28 the aqugﬁps THE/ cat al yst phase becones
broad. On the other hand, when the average retention tinme of the nononer
is short, the retention tine distribution of the nononmer in the aqueous
THE/ cat al yst phase HeeopeiySenar apd. thiki ¥/Fewaduehds, debzeasked ¥OF val ue is
In- creased, the retention tine distribution of the nononmer in the aqueous
THE/ cat al yst phase BREBREingathe mahgcudps wolebll aisheiyptignsofi Bhei on of
t he produced PTMG becones broader. Contrary to the above, when the V/F 10
val ue i s decreased,Peh®E®@Etention tine distribution of the nonomer in the
aqueous THE/catFIxst hase becones small, and the nol ecul ar wei ght

di stribution of {# heUSHREdBcRALPMRELRELI RS TRACEORe Withn 2y Stdidstce th®t h t he
above- nenti oned nechani s 1 e nol ecul ar mei%ht di stributiaon of the

5th
PTMG car® be cont r oF P& bYORafmegdtfETPRTIQR 8T thenBoRoMSTe i tudd® in
the continuous reaction for _nraqoducing the PTMG, The nol ecul ar wei ght,
distribution of a PAESEYR, TAFLGaRaLyst PBRFEd 15s SR THNed b3 VAB3WAY ¢ hat
I's, by 20 varying t@ﬁeﬁég£¥9gu%bwgge?Pygﬁ %%bi e%ft§/¥h%pmfd%1d (per

unit volume thereof) in the reactor. Specifically,

P/V value i1s decreased for broadening the molecular
weight distribution of the polymer, and the P/V
value is increased for narrowing the mblecular
weight distribution of the polymer.

In the above methods (1) and (2), V represents the
volume {m3) of the liquid in the reactor, F represents
the rate (m3/hour) of feeding THF to the reactor, and P
represents the motive power (kW) applied to the liquid
in the reactor.

The mechanism in the control of the molecular
weight distribution of a PTMG in method (1) above by
varying the V/F value is explained below.

During the continuous polymerization reaction, the
variation in the V/F value of the monomer leads to a
variation in the average retention time of the monémer
in the reactor. When the average retention time is

long, the retention time distribution of the monomer in




tothe liquid in the reactor is varied, the average particle dianeters of
gl obul es of the aqueous THE/ catal yst phase and THE organi ¢ phase becone
varied. This variation in the average particle dianmeters of the 25

gl obules results in the variation in the area of con 29 tact between the
aqueous THE/ cat al yst phase and the THE orggﬁic phase, as well as the
variation in the frequen- cy of the coal escehce and redivision of the
above- nentioned gl obul es (hereinbelow, this frequency is 5 referred to as
t he "coal escencER® e@fvponsn THF/gadadysdf phase Jlextumess Hrodd. i Oncaheei vabl e .
that these varia- tions cause the variations in the amounts of substances
whi ch are novi itPEENNERE . oWhene theo ayiereae e ttend iorh-time mifasthe [t i s
apparent that the retention time dis 10 tribution of the nmononmer in the
aqueous THE/ cat®PyeRerpigsshexit .p&heo matentdert ime diatniwtiduenf P/ V
ap- plied to thﬁ%|;@Uid in the reactor and, therefore, it 1is also possible
to control the YoF cBARGMeReighithg aquecus, THF{ crtalystvphase hecares he P/ V

val ue. %? Specifically, ﬁg n the P/V value is increased, the average
particl e di amet®?5T8¥ th 5?0%39%5 bhatnewhghethgu¥/PHrAadaeadFsdnphase and

both the . area SroEBRiactPBeEREERHIAD fidien NASIT HHE 10T Todina Megiomex —
cehce-rediviSithféﬁgugaﬁgogL &ﬁ%/%g@%ffg% ﬁ%%é%(gggbmes large, and
" the molecular weight distribution of the produced PTMG
becomes broader. Contrary to the above, when the V/F
10 value is decreased, the retention time distribution of
the monomer in the aqueous THF /catalyst phase becomes
small, and the molecular weight distribution of the
produced PTMG becomes nérrower.
In accordance with the above-mentioned mechanism,
15 the molecular weight distribution of the PTMG can be
controlled by varying the V/F value of the monomer used
in the continuous reaction for producing the PTMG.
The molecular weight distribution of a PTMG can
also be controlled as in method (2) above, that is, by
20 varying the P/V value. When the value of P/V applied
to the liguid in the reactor is varied, the average
particle diameters of globules of the aqueous
THF /catalyst phase and THF organic phase become varied.
This variation in the average particle diameters of the

25 globules results in the variation in the area of con-




sequence, the amounts of substances which are noving between the catal yst
phase and the organi c phase becone increased, and this increase causes the
retention time of the nononer nolecules in the catal yst phase to be 25
conme uniformand the retention time distribution of the 30 nononmer in the
catal yst phase to becone narrow. As a result a PTMG having a narrow

nol ecul ar weight dis- tribution is produced Cbntrary to the above, the de-
crease in the P/V val ue causes both the area of contact 5 between the two
phases and the togltebedweer diie/isjusoud rEHpEreyaDfstt shag@©band sthe Tieone
decreased, and the retention tine distribution of the nononer in the cata-
| yst phase to bezopbilsr phdseds as reslil tas athie Mathatitn in brloadE nedqwend ar
wei ght distribution is produced. 10 In accordance with the above-nenti oned
mechani sm usi AY 8fr &et soadiescenas iandrredivi sddneobHith¥ \abagvepl i ed to
the liquid in the reactor can be varied to control the nol ecul ar wei ght

di stribution ofm&npiﬁgedmglﬂhnlﬂﬂu@h&gpinhﬁlmnﬂnwhtﬁuﬁz&ﬂueu¢rch$ar wei ght
15 thereof. Specificall in order to produce a PTMSG having a broader

mol ecul aP wei ghFe§P§F Ha &6 dhe heaakpecentered tokrton Hrequenty gof

nol ecul ar wei gh no- | gcul es whose nol ecul ar weights are at |east siX

ti mes 20 as Iaré@ Caglobuleser AFedsyeongedyable {these varia-

tions cause the variations in the amounts of substances
which are moving from one of the two phases to the oth-
er phase. It is apparent that the retention time dis-

10 tribution of the monomer in the aqueous THF/catalyst
phase can be controlled by varying the value of P/V ap-
plied to the liquid in the reactor and, therefore, it
is also possible to control the molecular weight dis-
tribution of a PTMG by varying the P/V value.

15' Specifically, when the P/V value 1s increased, the
average particle diameters of the globules of the aque-
ous THF/catalyst phase and the globules of the THF or-
ganic phase become small, thereby increasing both the
area of contact between the two phases and the coales-

20 cence-redivision frequency of the globules. As a con-
sequence, the amounts of substances which are moving
between the catalyst phase and the organic phase become
increased, and this increase causes the retention time
of the monomer molecules in the catalyst phase to be-

25 come uniform and the retention time distribution of the




1/ (P/V) value (i.e., a reciprocal of the notive power applied to the
liquid per unit volunme of the reactor) and the V/F value (i.e., the
retention time of the nononer) are increased simnultaneously or
successively. 25 On the other hand, in order to produce a PTMSG having a 31
narrower nol ecul ar wei ght distribution and Q?ving a smaller content of the
hi gh nol ecul ar wei ght PTMG nol e- cules, the 1/(P/V) value and V/F val ue are
decreased sinultaneously or successively. 5 By using the above-nentioned

net hods (1) andmPRpmerydn:dfie Gatagathehateds PesrngyRahN ri B fon
prop- erties of the PTM5 _it beconmes possible to stably pro- duce, the PTMG
of the present Fﬁﬁ@l’rﬁi'oﬁ MG, brﬁééiqglea ATV RO 1RS a}fe%@'@ﬁfw'
pol yrrer i 21 ng | TRESPUtGER A dtF PR ai (CONHARY, topaba AHPEodTS GRS f or
productng 2 PTVE. 8 1% TR S Y Sohu S0t TEhE ML 4P AL ote
Cont i nuofls. pol y PSREET T TS AIRs (i Hre crod Etedie Redblfele ' °
neteropl vec ¢ SRSy, NE"BIF SnFL08 PR Bl RLUBRAEL Rila"ERELI T,
present in retention time distribution of the monomer in the cata-
~ lyst phase to become broad. As a result, a PTMG having
a broad molecular welght distribution is produced.
10 In accordance with the above-mentioned mechanism,
using a reactor with a stirrer, the value of P/V ap-
plied to the liquid in the reactor can be varied td
control the molecular weight distribution of a PTMG
without varying the number average molecular weight
i5 thereof.
Specifically, in order to produce a PTMG having a
broader molecular weight distribution and having a
higher content of the high molecular weight PTMG mo-
lecules whose molecular weights are at least six times
20 as large as the number average molecular weight, the
1/(P/V) value (i.e., a reciprocal of the motive power
applied to the liguid per unit volume of the reactor)
and the V/F value (i.e., the retentionrtimé of the

monomer) are increased simultaneously or successively.

25 On the other hand, in order to produce a PTMG having a



an amount sufficient to formthe followng two phases in the reactor: a
THE organi ¢ phase and an aqueous THE/ catal yst phase conprising a solution
of the hetero- polyacid catalyst in a THE/ water m xture and having a 25
specific gravity of from1.8 to 2.3. 32 The test operation conprises the
followng steps (a) to' (d): (a): a step of freparing the follow ng two
calibration curves under the reaction conditions for producing a 5 PTMG
havi ng a desired nunmber average nol ecul ar weight: a calibration curve
showi ng t he relR@¥rppeerpmbiecndar wedgidt idis tpdbert OB/ ‘é@ndapaviieds 8o t he
liquid per unit volune of the reactor and the nol ecul ar wei ght dis-
tribution propefhatiesiconteptvef ihe high modscudar] wedghke PIMEimed e-he
.relationship between the retention tine (V/F) of THE and t he nol ecul ar
wei ght. distritieles. phepd/(PE¥)ovalpe EPRGV/Fhvalaestase deaneasiad
sub- st eps of s%gfling a portion of the reaction m xture being produced in
the polyneri- 18194lfanepugdvopr sucsemsdviedt-he nunber average nol ecu | ar
wei ght cg t he produced PTMs contained in the sam pled reaction m xture,
and noditying the rB¥tPeingotheqpbrygsmgaddoned Aetbedsadnag@ddi2dcul ar
wei ght of the roduced P is different fromthe desired value so as 20
to produce a P h%@?ﬁﬁolygbgiFg& Medssa1aFe Medehtp distribution prop-

erties of the PTMG, it becomes possible to stably pro-
duce the PTMG of the present invention which has the
.specific molécular weight distribution properties.

Hereinbelow, the preferred method for polymerizing
THF is_explained in detail.

First, operation conditions for producing a PTMG
having a specific number average molecular weight are
determined by conducting a test operation. Specifi-
cally, a PTMG is produced by subjecting THF to a ring-
opening polymerization reaction in a continuous poly-
merization reactor with stirrer in the presence of a
heteropolyacid catalyst, wherein the ring-opening
polymerization reaction is continuously performed in
the presence of water, so that the water is present in
an amount sufficient to form the following two phases
in the reactor: a THF organic phase and an aqueous
THF/catalyst phase comprising a solution of the hetero-
polyacid catalyst in a THF/water mixture and having a

specific gravity of from 1.8 to 2.3.




| ecul ar weight; (c): a step of determ ning the nol ecul ar weight dis-
tribution properties of the produced PTMc when the PTMG has the desired
nunber average nol ecul ar weight; and 25 (d): a step of finally adjusting
the reaction condi 33 tions when the nol ecul ar wei ght distribution
properties of the PTMG determined in step éc) above are different from
t he desired val ues, which conprises correct %g the <calibration curves
obtained in step (a) based on the 5 nolecul ar weight distribution

properties deterni nefheatesd apedradtjicst icunprisewttihe fodiowiy Gt epxd
reten- tion tinme (V/F) in accordance with the corrected cali- bration

curves, so as tbaén&pl'€dd :PTMG havi ng desired nol ecul ar wei ght
distribution properties to be produced. 10 In general, a highly pure THF
(containing i npl@d: tResten ef Rreparist [thes followi0g mwe Pplibirgittipni s
used as a raw material for preparing the calibration curves in step (a).
Whereas, in st efUTB$s pRAers thesyreagtdedn canid tians ifor grmadmihg iang t he
stabl e operatiop 15 of the reactor and the recycled THF is used as a raw
material ® SinceftHE havjoded Agsigsd fumben venqae imokeqilan maights a
slight difference iﬂigon% reaction conditions (such as reaction rate)

a8

bet ween the reaft 8 ST GO VRS hawing dhe e latianshp hetmeay THF.

20 That is, it js difficult to directly apply.the calibra-
£ﬁe motive power (P/V)ngﬂ¥ig& to the liquid per unit

volume of the reactor and the molecular weight dis-
tribution properties of the PTMG, and a calibration
io0 curve showing the relationship betweén the retention
time (V/F) of THF and the molecular weight distribution
properties of the PTMG;
(b): a step comprising-sub-steps of sampling a portion
“of the reaction mixture being producéd in the polymeri-
15 zation reactor, determining the number average molecu-
lar weight of the produced PTMG contained in the sam-
pled reaction mixture.'and modifying the reaction con-
ditions when the number average molecular welght of the
produced PTMG is different from the desired value so as
20 to produce a PTMG having a desired number average mo-
lecular weight;
(c): a step of determining the molecular weight dis-
tribution properties of the produced PTMG when the PTMG
has the desired number aﬁerage molecular weight; and

25 (d): a step of finally adjusting the reaction condi-




tion curves prepared wth respect to PTMG produced w thin a short
operation tinme to a production of a PTM5 by a stationary, stable operation
p p y y p
of the reactor be- cause the conposition of the recycled THF varies to 25
sone extent, depending on the operation conditions of 34 - the reactor.
Step (c) is necessary for overcomng this roblem The calibration curves
repared in ste a can be corrected based”on the results .obtained in
prep p
step (c) to thereby obtain the calibration curves for the 5 conmmerci al _
scal e PTMG prodtten@nwhen thepmodecules neeigint idirs taninditiomn priapemasiici ng
PTMG are determned in__accordance with the corrected calibration curves.
Her ei nbel ow, a 9%irther PTNE defersvined dudesten Hc) edpaw dme tdifferent |
above-nmentioned_steps. (a) to (d). 10 Step (a): The relationships anong the
mol ecul ar  wei ghtoRi thei Basilsrdomad ueRvc whhohn omparistet eyauimmesst 1nmg ey
aver age nol ecul ar {ﬁig?i, the P/V value and the V/F value are obtained in
the formof enpt?HEeFaFtPRuCUryes phtalfed dncstiop t(m rhedsst awditage
noleculqg 15 mqﬁgft é'.e. &hg difference between the desired nunber
aver age ol ecul &7 %@ %ﬁf HRdofte Ystrdbuldare Propsnides dstamminedwei ght of
t he produced Fﬂgga aries g e%ﬂin on the use of the PTMG For exanpl e,
when the PTG 12208 oghdea ﬁﬁ& Mk SR mortdves poeR R/ W (Rd Tatens 20
preferred that ¢k LLAEARGTF) " 1h" SRR Y39 % corrected cari-
bration curves, so as to enable a PTMG having desired
molecular weight distribution properties to be produced.
10 In general, a highly pure THF (containing impuri-
ties in an amount of less than 500 pPpm by weight) is
used as a raw material for preparing-the calibration
curves in step (a). Whereas, in step (b), THF is recy-
cled to the reaction system during the stable operation
15 of the reactor and the recycled THF is used as a raw
material. Since the recycled THF contains some impuri-
ties, there is a slight difference in some reaction
conditions (such as reaction rate) between the reaction
using pure THF and the reaction using recycled THF.
20 That is, it is difficult to directly apply the calibra-
tion curves prepared with respect to PTMG produced
‘within a short operation time to a production of a PTMG
by a stationary, stable operation of the reactor be-

cause the composition of the recycled THF varies to

25 some extent, depending on the operation conditions of



| ecul ar weight is 100, nore advantageously 50. Wen the PTMGis used as
a starting material for a re- action, it is nore preferred that the
tolerance in the nunber average nol ecul ar weight is 30. 25 For exanple,
when a PTMG havi ng a nunber average 35 nol ecul ar wei ght of 1800 Is
produced in the presence of a heteropolyacjid as a catalyst, two

rel ati onships re- spectively represented by3 he follow ng formulae (2) and
(3) can be experinentally obtained: 5 MW M = K(V/F)" (2), and MW Mh =

K (P/V)P (3) whHeeergartox,. KStepd(B)ais necetsary foircbverzomiag this
experinmentally determ ned. Step (b): Under conditions determned so as to
10 obtain a PTMFfkleRg aThescaddbrattben euevege preparedadin stieghta)a

pol ynmeri zation reaction of THE is perforned in the presence of water,
wher ei n t he wat 88 Bepresagcteid basedmmtthaffesiildry abtdiored d TR ey gani ¢
phase and an aﬂu ous THE/ catal yst phase which has a specific 15 gravity of
from1.8 to 2.3'ChntPethgreby gbigimdhe nadihratgon icurvsds thar dtheous
THE/ cat al yst phase. Subsequently, the nunber average nol ecul ar wei ght of

t he prodiced PTREPETE r%%.%ﬁ@%@% nd® skgpudddf. Ahebae-

aver age nol ecul ar Yeight %f the pro 20 duced PTMG is different fromthe
desired val ue, ?ﬁg on“conditions for producing PTMG are determined in

accordance with the corrected calibration curves.
Hereinbelow, a further explanation is made with
respect to the above-mentioned steps (a) to (d4).

10 Step (a): The relationships among the molecular
weight distribution of a PTMG having a predetermined
number average molecular weight, the P/V value and the
V/F value are obtained in the form of empirical formu-
lae. The tolerance in the number average molecular

15 weight (i.é.. the difference between the desired number
average molecular weight and the actual number average
molecular weight of the produced PTMG) varies depeﬁding
on the use of the PTMG. For example, when the PTMG is
used as a raw material for an elastic fiber, it is

20 | preferred that the tolerance in the number average mo-
lecular weight is + 100, more advantageously = 50.

When the PTMG is used as a starting material for a re-
action, it is more preferred that the tolerance in the
number average molecular weight is = 30.

25 For example, when a PTMG having a number average



pol yneri zation reaction conditions (such as the amobunt of water
coordinated to the heteropol yacid, the reac- tion tenperature and the |ike)
are regul ated by conven- tional nethods so as to obtain a PTMS having a
desired 36 nunber average nol ecul ar weight. Step (c): The nol ecul ar wei ght
di stribution prop- erties of the PTMG having the desired nunber average

nol ecul ar wei ght are determ ned by GPC. 5 2p (d): Wen the nol ecul ar

wei ght distribution properties of the PTM5G which have been determ ned in

step (c) above mokedulber @elightomft NBesiyd gromides in tie Rinés@ice and
the V/F value are regulated in accor- dance with the calibration curves

(formul ae) obt aankdtéfopolyaeld @)s ab@ata£lystS, twe @dlat idshiwd amH ar
wei ght distribution properties of the PTMG |If desired, steps (b) to (d)

are repeat ed unspectiveIyGCriepriesgnietd tHyhehe stolbwiimdp ef oxamelra@g e 2pl ecul ar
wei ght and the desired nol ecul ar weight distribution 15 properties is

obtai ned. I n orded {38)coanr be texpemimeniiaklyweottdingds ri bu- tion
properties of a PTM5 so that the content of the high nolecular weight PTMG

nnleculeg becones 2 to 5 @6Hgy wei_ght Eﬂ@ retention time ﬁyYF% af THE nust
be in 20"the range of from _éMPO 2 (Hg r's, preferably fr& 2 8% 15 hours.
In the production of a PTMsG having a desired
Mw/Mn = K’ (P/V)P (3)
wherein K, a, XK' and f are constants which
can be expérimentally determined.
Ste b}: Under conditions determinedkso as to

10 obtain a PTMG having a desired number average molecular
weilght, a polymerization reaction of THF is performed
in the presence of water, wherein the water is p:esent
in an amount sufficient to form a THF organic phase and
an agueous THF/catalyst phase which has a specific

15 gravity of from 1.8 to 2.3, while maintaining the
specific gravity of the aqueous THF/catalyst phase.
Subsequently, the number average molecular weight of
the produced PTMG is determined. When the determined
value of number average molecular weight of the pro-

20 duced PTMG is different from the desired value, the
polymerization reaction conditions (such as the amount
of water coordinated to the heteropolyacid, the reac-
tion temperature and the like) are regulated by conven-

tional methods so as to obtain a PTMG having a desired



nunber aver age
conver si on and
hand, when the
Therefore, 37

above- nenti one

| ess and a con
% by wei ght,
determning th

V/ F val ue and
hi gher the 15

nol ecul ar wei ght, when the V/F value is small, the
efficiency of the reaction becone |owered. On the other
VIF value 25 is large, the reaction tinme becones |ong.
it is preferred that the V/F value is selected within t

he

d range. In order to produce the PTMG of the present inven-
tion, that is, a PTMG having a nol ecul ar me?ﬁht dis 5 tribution of 1.8 or

tent of high nolecu- |ar weight PTMG nol ecul es of from 2
t hember| averggehmed ecadtenr weslyhtd .d be considered for

to 5

e polynerization conditions: the speci- fic gravity of the

aqueous THE/ cat al ystSheRrséc)t heTM Fmdélegular wadghhediwtribupdonar pgBpV) of
the reactor. For this reason, it is difficult to univocally determ ne
speci fic numeri®8F108] 0 thegfTHS haying ithe gesdred Inumpenerasterageen t he

t he_vol une of the aqueous THE/ catal yst phase are fixed,
speteendagr yeightopren detqradnedriy &RGI yst phase, the

hi gher the nunber average nol ecul ar wei ght of produced PTMa Wen the
ty andSteRufd)ef When thecooierpiaraweight dhstuibbsibnxed,

specificsgravi

t he | onger the

the produced PTREOP$

VI F FI;che hi%her t he nunber average nol ecul ar wei ght of

thE B

t he agueous TFE%ggéakgftthase i S

1o

15

20

25

ove are dlifferent from the desired values,
the P/V value andrthe V/F value are regulated in accor-
dance with the calibration curves (formulae) obtained
in step (a) above so as to control the molecular weight
distribution properties of the PTMG.

If desired, steps (b) to (4) are repeated until a
PTMG having both the desired number average molecular
weight and the desi:ed molecular weight distribution
properties is obtained.

In order to control the molecular weight distribu-
tion properties of a PTMG so that the content of the
high molecular weight PTMG molecules becomes 2 to 5 %
by welght, the retention time (V/F) of THF must be in
the range of from 0.5 to 20 hours, preferably from 2 to
15 hours. In the production of a PTMG having a desired
number average molecular weight, when the V/F value is
small, the conversion and efficiency of the reaction
become lowered. On the other hand, when the V/F value

is large, the reaction time becomes long. Therefore,

t he

t he

20

elbpt PTMGE whish haven haen dafesminedrdqvity of



in the range of from1.8 to 2.3 and the V/F value is from0.5 to 20 hours,
the P/V value should be main- tained at 1.3 kWn8 or nore. In view of the
fluctua 25 tion of the operation conditions during the production 38 of
the PTM5 If the P/V value is maintained at 1.6 kWnB or nore, it is
possible to stably produce the PTMs of the_present invention having a

nol ecul ar weight distribution of 1.8 or | e3¢ and a content of high no 5

| ecul ar wei ght PTMG nol ecules of 2 to 5 % by weight. Hereinbel ow, an

expl anation is hhdéswpirefeespdctthato thee Wentvalweu i paEelectahtwitthimeact or
with a stirrer, which is used for producing . the PTMG of the present in-
vention. 10 Thetbel abevezaendiones trangeay be or nmay not be equi pped with
a baffle on the inner wall of the reactor. It is preferred that the

pol ynmeri zati on react &n p¥rdeaqdioppachdmcteh thheb FEMG ofiNtHe mosrent tinvdre
liquid contents in the polym 15 erization reactor, the L/D value (wherein
L represents th&otepthasf ishe d iIRIMG heprinantes noleclan|yekght dism
reactor and D represents the diameter of the polyneri- zation reactor) is
from 0.55t o 10, tpibpEdgn ¢ dod Pr dess @l mmgantenhehhrigh urelecu-

limtation with_respect to_the norphology of the inpeller. For exanple,
the im lar weight PTMG molecules of from 2 to 5 % by weight,

the following three factors should be considered for
determining the polymerization conditions: the speci-
fic gravity of the aqgueous THF/catalyst phase, the V/F
10 value and the motive power (P/V) of the reactor. For
this reason, it is difficult to univocally determine
the specific numerical value range of the motive power.
In general, when the V/F value and the volume of the
aQueous THF /catalyst phase are fixed, the higher the
15 specific gravity of the aqueous THF/catalyst phase, the
higher the number average molecular weight of produced
PTMG. When the specific gravity and volume of tfle
agqueous THF/catalyst phase are fixed, the longer the
V/F, the higher the number average molecular weight of
20 the produced PTMG. In the present invention, when the
specific gravity of the aqueous THF/catalyst phase is
in the range of from 1.8 to 2.3 and the V/F value is
from 0.5 to 20 hours, the P/V value should be main-
tained at 1.3 kW/m3 or more, In view of the fluctua-

25 tion of the operation conditions during the production




peller is selected froman anchor inpeller, a turbine, a propeller, a

pl ane bl ade puddl e, a curved bl ade pud- dle, a Pfaudler type inpeller, and
~a Bulmarzin type im25 peller, preferably froman anchor inpeller, a
turbine, 39 a propeller and puddles. The inpellers nmay have an an- gl ed

bl ade or a pitched bl ade. The width of the ghades greatly varies dependi ng
on the type (norphol ogy) of the inpeller, dis not particularly Iimted.
The 5 nunber of the blades attached to the shaft of the im peller is
general |y from 2ft heoPTH6yallify theoR/V tvaBie Howsviartaimed ngel1e6 havi ng
nore than ten bladeg and an inpeller having only one bl ade can be used

wi thout causi nGWa&RY prompzm, 10 s lpossiisls to dtebky zereducdethepel | er,
it is preferreg that the value d/D (wherein d represents the dianeter of
the bl ade of thETHGEPRE| the pResents inyention hawipaa meleantah wéighe

bl ade of the ingiltﬁi' and D represents the dianeter of the polynerization
reac 15 tor) isotPbhiButley @fod - &% degs and gmapntent (0. higheno-
preferreg range 8f ihe reéo tion speed of the stirrer greatly varies
dependi ng on t heSSPHAE HPEIBE PIMS majaqudes pferkftt & § Hey reabshik i on

speed of the stirreﬁ iéic§n;rolled I n gccordance with the structures 20 of
the reactor and inpelTer 88%a8%rodY FEPLaftine i mady Mith (respedie

desired range. B3sifal L¥ntchihubtis polymerization reactor with a stirrer,
which is used for producing the PTMG of the present in-
vention.

10 The polymerization reactor may be or may not be
equipped with a baffle on the inner wall of the reactor.
It is preferred that the polymerization reactor is
equipped with a baffle. '

With respect to the ligquid contents in the polym-

15 erlzation reactor, the L/D value (wherein I represents
the depth of the liquid contents in the polymerization.
reactor and D represents the diameter of the polymeri-
zation reactor) is from 0.5 to 10, preferably from 1 to
3.

20 There is no particular limitation with respect to
the morphology of the impeller. For example, the im-
peller is selected from an anchor impeller, a turbine,
a8 propeller, a plane blade puddle, a curved blade pud-
dle, a Pfaudler type impeller, and a Bulmarzin type im-

25 peller, preferably from an anchor impeller, a turbine,



preferred that the inpeller has a structure such that a |arge notive power
Is obtained by a slow revolution speed. 25 Hereinbelow, brief explanation
is made with re 40 spect to the influence of the notive power (P) on the
nunber average nol ecul ar weight (Wnh) of a PTM5 and the nethod for
estimating the magnitude of the notive powi% used in a prior art docunent,
based on this In 5 fl.uence and effects thergdof. The notive power (P) not
only determ nes the no- |ecular weight distribution (Mv V1) and the content
of ~high nol ecu? aPTARRYhErPENG pudddesss Thhoimpedlersl may havghas ane at

| east six tinmes as_large as the nunber 10 average nol ecul ar wei ght of all
PTMG ol ecul es) 9188t Plafeoornp pdiched hdadegr c®hef whdthnofi thei baades

ot her words, the nupber average nol ecul ar weight of a PTM5. Especially
when the notivedbBRELY| ¥aFdRs, %@Psnd}ng opwthe tvpe i(duphwleoay) dfe notive

power on the nupber,15 ayerage nol ecul ar weight is extrenely large. Until
now, maeny paten o%ﬂﬁﬁixgrdi§@Fo§§dnpﬁepﬁﬁ€iﬁﬂﬁﬁﬁiy(ﬁimiﬂﬂﬂNG fhem THE and

wat er insthe pﬂgs nce 8ftﬁ h%hgbppol acid catal yst. However, none of these
pat ent ddcumentd destr Phe thife P\‘?’e%&%’?‘e@sé& fie Bhafiomfcithe e PTMG

The fact that 1hg1Y8E! 84! §anklally £10H Y°2°4F, WYY 'Sram'd ey "

However, an impeller having more than ten blades and an
impeller having only one blade can be used without
causing any problem.

10 With respect to the size of the impeller, it is
preferred that the value d/D (wherein 4 represents the
diameter of the blade of the impeller, which is twice
as long as the length of the blade of the impeller; and
D represents the diameter of the polymerization reac-

15 tor) is from 0.1 to 0.95, preferably from 0.3 to 0.8.

The preferred range of the revolution speed of the
stirrer greatly var;es depending on the structure of
the impeller. Therefore, the revolution speed of the
stirrer 1s controlled in accordance with the structures

20 of the reactor and impeller so as to give a motive
power (P) within the desired range. Basically, it is
preferred that the impeller has a structure such that a
large motive power is obtained by a slow revolution

speed.

25 Hereinbelow, brief explanation 1s made with re-



causes the variation in the nunber average nol ecular weight of a PTMG has
been faund for the first time by the present inventors. 25 The present

i nventors have chosen the above 41 nentioned Exam ned Japanese Pat ent
Application Publica- tion No. 63-30932 as a typical exanple of the prior
art docunment in this technical field, and ggnducted a re- working of
Exanple 1 of this prior art docunent which uses a phosphonol ybdi ¢ aci d
(the nunber of water coor- dinated thereto = 6.0) as a catal yst.
Specifically, FRECH &0ty dndiiuance afiddie dative daywred niP bfomExte ple 1
whil e varying only,the notive power. As a result t he rel ati onshi p anong
the notive powePFX‘PﬁE RYSEF&IS Rolecilare wiight Ginheafh BEMG, and the

content of high, ol ecul ar wei ght PTMS nol ecul es has becone clear. The
€ H‘e%g’ﬂ%e ffrb%%m%im% the MAIRALYARRT (Ko M9tve04 0. 4

results are shown™i _ /
4.9 45 PTVG nBPRERI BESR, Uk RILom ool ot kated |95 SHORE 1hat i he
i ncreasegin fluence and effects thereof.

The motive power (P) not only determines the mo-
lecular weight distribution (Mw/Mn)} and the content of
high molecular weight PTMG molecules (whose molecular
weights are at least six times as large as the number

10 average molecular weight of all PTMG molecules), but
also influences the degree of polymerization (in other
words, the number average molecular weight of a PTMG).
Especially when the motive power is lower than 1.1
kW/m3, the influence of the motive power on the number

15 average molecular weight is extremely large.

Until now, many patent documents disclosed the

" production of a PTMG from THF and water in the presence
of a heteropolyacid catalyst. However, none of these
Patent documents describe the motive power used for

20 producing the PTMG. The fact that the variation in the
motive power applied to the liquid in the reactor
causes the variation in the number average molecular
weight of a PTMG has been found for the first time bf

the present inventors.

25 The present inventors have chosen the above-




the notive power causes an increase in the nunber aver- age nol ecul ar
wei ght of a PTMG It should be noted that Exanple 1 of Exam ned Japanese
Pat ent Application 42 Publication No. 63-30932 describes that the PTMG
havi ng a nunber average nol ecul ar wei ght of 1000 was obtained by a
pol yneri zation reaction conducted in a batchw se manner. (In a batchw se
pol yneri zation reaction, water 5 contained a reaction systemis consumed
in accor- dance with the progress of the polynerization reaction, and the
speci fic gravi tfyemi@h@dagmdgemﬂmsg?amd\p:slig:mm |Bublica-
increased.) From Table 1 above, it is easily estimated that the notive
pover applied i Fa® BRanfPe30932 aval dvpiiesd examplen®Ef five mioxn tertes-
ti mated content_of high nol ecul ar ht PTMS nol ecules is nore than 5.4 %
by wei ght. The §2CuPeRtin; ﬁ@iébmhﬁamloﬁé@%m mendusited matrehe
_motive power gRﬁggfd in_the conventional 15 batchmnseﬂfolynerlzatlon
reaction of TH EﬂpngF afpde @ £4 tdsn®r oqumeands gfhelch he

notive power |red EP invention (i.e., 1.3 kWnB or nore)
is a peclliar V%f % ?np HPQ @@Hm 'EQqu(tﬁﬁb h?qu9ﬁxﬂquﬁnQ9°r‘

prasent 1 nvent T oIEFER hBrekt 5 %o TIER Ao el yAbron SPRELEAREHT of the
het er opol yaci d iﬁbt8§e£83%t&89ei¥%E% d%duqted the reworking of Exam-
pPle 1 while varying only the motive power. As a result,
the relationship among the motive power, the number av-
10 erage molecular weight of a PTMG and the content of
high molecular weight PTMG molecules has become clear.

The results are shown in Table 1 below.

Table 1
Motive power
(kW/m3) 0.004 0.4 2.6 17.9
Mn 950 1050 1100 1150

Content of high
molecular weight
PTMG molecules 5.6 5.4 4.9 4.5
(% by weight)

15 Table 1 above clearly shows that the increase in
the motive power causes an increase in the number aver-
age molecular weight of a PTMG. It should be noted

that Example 1 of Examined Japanese Patent Application



too small, the polynerization rate is |l owered. There- fore, it is preferred
that the weight ratio of the het 25 eropolyacid to the nononer (THF) is
fromO0.05 to 10, 43 advantageously from1l to 3. It is preferred that the
ratio of the volunme of the agqueous THE/ catal yst phase to the volune of the
liquid in the reactor is fromO0.19 to 0.81, Further, in order to produce a
PTMG having a 5 desired, predeterm ned valuﬁzof nunber average nol ecu- | ar
wei ght, the specific gravity of the aqueous THE/ catalyst phase is
mai nt ai ned wi t HYP1heatiageNot 6Br309323 desc2ibesThthatatttve PITMEhGavaae) or
I's consunmed during the continuous polynerization reaction, so water 10
‘must be fed i ntd RWBPRE RVEEAISY BPdRCUd arametight ©ife 1090cwialsi obdradwicidy of
t he agueous THE/ catal yst phase wthin the above-nentioned range. Wen the
pol ymeri zati on 3%H%e?é%ﬁm@rﬂéaFéanhI@ﬁpti@@pgbmﬂuptzdtﬁnnaoba&qhwiﬁmer i s
likely to occur, 15 thereby | owering the pol ynerization degree of the poly-
mer. Ther ef or e,"3M¢he biBs@nPatrh¥AspoROLlyFETBIREAONC rEASLion .t Materat ur e
is maintained at_0_tpo 100, C, referably 30 to 80 C. The polynerization

P or oce ARTERERAR HixPng b

reacti o proceet eaghign EHE LeBndsecoprumedying aceer-

het er opol yaci d. | solvent is necessary for this polynerization
reac- tion. Fbﬁgégg% Vit%egﬁ?eﬁf°9ﬁ855e8@t¢5ﬁ ??éﬁ@ﬁF%&?tion reaction,

and the specific gravity of the aqueous THF/catalyst
phase is gradually increased.) From Table 1 above, it
is easily estimated that the motive power applied in
10 Example 1 is smaller than 0.4 kW/m3. Further. the es-
timated content of high molecular weight PTMG molecules
is more than 5.4 % by weight.
The results of the above-mentioned reworking show
that the motive power employed in the conventional
i5 batchwise polymerization reaction of THF was approxi-
mately 0.4 kW/m3, and that, therefore{ the motive power

required in the present invention (i.e., 1.3 kW/m3 or

more)} is a peculiar value in this technical fleld.

| There is no particular limitation with respect to
20 the amount of the heteropolyacid used in the present

invention for polymerizing THF. However, when the

amount of the heteropolyacid in the reaction system is

too small, the polymerization rate is lowered. There-

fore, it is preferred that the welight ratio of the het-

25 eropolyacid to the monomer (THF) is from 0.05 to 10,



contain an inert solvent. For exanple, a saturated hy- drocarbon having 5
to 10 carbon atons (which is used in 25 the bel ownenti oned operation for
adjusting the hetero 44 polyacid content of the pol yoxytetranethyl ene
glycol) can be contained in the raw material liquid in an anmount of 1 %
by weight or less, preferably 0.3 % by weight or less. 5 The desired PTMS
of the present invention can be obtained by obtaining a reaction m xture
of a ring- opening polynerization reaction of THE and adjusting the
het er opol yaci d @@vieehagepushy Swom dedor Sact Ibnisnprefieered thatotBeO ppb
by wei ght. The heteropol yacid 10 content can be adjusted by conventi onal
net hods, such Ia%taomfhghedmémge@fi it hign egmeiotsd THEY sedad yiedt @hasap-
plication Laid-Open Specification Nos. 61-118420, 61- 115934 and 61- 123629
(each correspontl? ngheovelumepgfethe Ndaquddsin rbe) repetoreds ifirams 0.19
preferred that the 15 heteropol yacid content is adjusted by a nethod which
conprises the {1 ®uwPhg Fepkhed) ip exder te)pxeguratanfTHRchaving a
pol ymeri zati on ééa tian m x- ture into a_reaction-fornmed agueous

\-ak)

THE/ cat af yst ph&S d BXPEgLErBRnes: Had ueHeiongubes SYaIddtomodiaditg a 20
E:?E; gg?t?g;agﬁéggﬁéiﬁhgﬁstgég%SE%iQQ%F%I%%QE? Tf”%hégggﬁeJE%}) distilling
THF /catalyst phase is maintained within the range of
from 1.8 to 2.3. The water in the reactor is consumed
during the continuous polymerization reaction, so water

10 must be fed into the reaction system to maintain the
specific gravity of the aqueous THF/catalyst phase
within the above-mentioned range.

When the polymerization temperature is too high,
depolymerization of a polymer is likely to occur,

15 thereby lowering the polymerization degree of the poly-
mer. Therefore, in the present invention, the polym-
erization temperature is maintained at 0 to 100 °C,
preferably 30 to 80 °C.

The polymerization reaction proceeds by the mixing

20 of the monomer (THF) with the heteropolyacid. That is,
no solvent is necessary for this polymerization reac-
tion.' However, if desired, the reaction system may
contain an inert solvent. For example, a saturated hy-

drocarbon having 5 to 10 carbon atoms (which is used in

25 the below-mentioned operation for adjusting the hetero-



tained THE organi c phase, to thereby obtain a PTM5 con- centrate; 25 (iii)
addi ng at | east one saturated hydrocarbon 45 having 5 to 10 carbon atons
(C5-Cl10 saturated hydrocar- bon) to the PTMG concentrate so that a catal yst
phase (containing a portion of the heteropolyacid dissolved in the PTMG
concentrate) and an organi c phase (conposed 5 mainly of the above-nentioned
saturated hydrocarbon and PTM3 are for med?4 and subsequent|ly renoving the
cata- |lyst phase; (iv) after renoval of the catal yst phase, sub- jecting

t he organi c phaseslyachdt ceatentt ofi theapodgoxytedramettiydeneoglywolat t he
het er opol yaci d di ssolved in the organic phase is adsorbed on the activated
carbon and rempamdbéroontatnedgdni chehasw materdiadt likguig dinf anHE
remaining in the organic phase so that a saturated hydrocarbon phase and a
PTMG 15 phase ameufbragd]l &nbyswedghdeon \essnoprederiadlyatiu-3 rfatbad

hydr ocar bon phase; and (vi) after renoval of the saturated hydrocarbon
phase, distilli¥ei@ht ©Helfs®-boiling point substances contained in the
remai ni ng PTMG phase under reduced 20 pressure, so as to obtain a PTMG in
whi ch the hetero- pofjacfiasésateRIMGs ofdjithet aresento inyendd ofpeasy bBfei ght .

Her ei nbel ow, the above-nentioned steps (i) to (vi)
obtained by obtaining a reaction mixture of a ring-

opening polymerization reaction of THF and adjusting
the heteropolyacid content of the obtained reaction
mixture to 10 to 900 ppb by weight. The heteropolyacid
10 content can be adjusted by conventional methods, such
as a method disclosed in Unexamined Japanese Patent Ap-
plication Laid-Open Specification Nos. 61-118420, 61-
115934 and 61-123629 (each corresponding to U.S. Patent
No. 4,677,231). However, it is preferred that the
15 heteropolyacid content is adjusted by a method which
comprises the following steps (i) to (vi):
(i) separating the polymerization reaction mix-
ture into a reaction-formed agqueous THF/catalyst phase
and a reaction-formed THF organic phase containing a
20 PTMG, and obtaining the THF organic phase containing
PTMG;
(i1) distilling off a portion of THF in the ob-
tained THF organic phase, to thereby obtain a PTMG con-

centrate;

25 (iil) adding at least one saturated hydrocarbon



for adjusting the heteropol yacid content of a PTMs are explained in nore
detail. 25 46 Step (1) Phase separation of the polynerization reac- tion
m xture into a THF organi c phase and an aqueous THF/ catal yst phase: The
pol yneri zation reaction mxture is withdrawn 5 fromthe reaction system at
the sane rate as the rate of the feeding of_ the nonomer (THF) and
I ntroduced into a phase-separation vessel Juch as a decanter), to
t hereby separate the reaction mxture into a reaction- formed THF organic
phase (conposed@&wlngy5otoTHE gadbod atemBTNGE-Sn¢ &ataxatiedn hiydrecdr-
aqueous THF/ catal yst phase. The THF organi c phase is withdrawn fromthe
phase- separ at i drelveste| thedP¥ME] ecnednterattiee soethatt @p cattedytsie phas€he
separ at ed agueous THF/ catal yst phase is recycled to the reaction system
15 The THF or gafgenpmbringoat pemsiont 0£3¢h be begiopalyacsild idd seDiMBedand t he
_higher the degree of polyneriza- tion of the PTM5 the higher the PTM5
content of the imMHrherBEMEccpreeatrase Jenadplos, oxsemls Phasehdwomposed Mh
of approximately 1800 is Eroduced, the PTMG content 20 of the THF organic
phase i s® appr oXl&4RLEY yob3the ghovehmentdogied sgtayated hydneparben and
portion of THF in the THF or-

PTMG) are formed, and subsequently removing the cata-

1YSt phase;
(iv) after removal of the catalyst phase, sub-
jecting the organic phase to a treatment with an acti-
10 vated carbon so that the heteropolyacid dissolved in
the organic phase is adsorbed on the activated carbon
‘and removed from the organic phase;
(v) distilling off THF remaining in the organic
phase so that a saturated hydrocarbon phase and a PTMG
15 phase are formed, and subsequently removing the satu-
rated hydrocarbon phase; and
(vi) after removal of the saturated hydrocarbon
phase, distilling off the low boiling point substances
contained in the remaining PTMG phase under reduced
20 Pressure, s0 as to obtain a PTMG in which the hetero-
polyacld content is adjusted tollo to 900 ppb by weight.
Hereinbelow, the above-mentioned steps (i) to (vi)
for adjusting the heteropolyacid content of a PTMG are
explained in more detail.

25



gani ¢ phase by distillation: 25 A portion of unreacted THF in the THF
organic 47 phase is distilled off to thereby obtain a PTMG concen- trate.
The weight ratio of the THE remaining in the PTMs concentrate to the PTMG
is 0.1 to 3, preferably fromO0.5 to 1.5. Wen the weight ratio of the
remain 5 ing THE is less than 0.1, the efficiency of phase- separation of

t he catal yst phase (which occurs in Step (46i) described bel ow by the
addition of a saturated hydrocarbon to the PTMS concentrate) becones | ow

In other wordstdfhe £04Ha éé}?af@ﬁfé&pafya&édpégj[ﬁe%%éeiaﬁdréacl he THE

organi ¢ phase) which i's renoved by the phase-separatio econes snal |

This |owering afiord heiftdi6i eney af rhikeophandcsphakat kA &AN abRewR! ai ned
as follows. Since the solubility of a PTMGin a satu- rated hydrocarbon is

| ow, when the VEHRdata#lyot ophdsE:15 remaining in the PTMG concentrate to
the PTMcis low, the mxture of the saturated hydrocarbon and PTMG con-

centrate i s readily Mepasalwterbtattoh Theaphasn mistarehyer addnaeawahase
Thi s phase separation results in a |owering of the efficiency of

phase- sépar at | dirad tie P6actiahysysdemsaltvetiei Bainke rAt¥GasOthiehaagicher
hand, when the weight ratio of the remaining THE is nore than 3, the
remai ni ng THE fafhcthenteadinggofdthel menvmbar ( THFY hatiedoprodnced dndo
| owers the efficiency of phase- _
a phase-separation vessel (such as a decanter), to
thereby separate the reaction mixture into a reaction-
formed THF organic phase (composed mainly of THF and

10 the PTMG) and a reaction-formed aqueous THF/catalyst
phase. The THF organic phase is withdrawn from the
phase—separation vessel and subjected to the next-step
treatment. The separated aqueous THF/catalyst phase is
recycled to the reaction system.

15 The THF organic phase contains 4 to 30 $ by weight
of the PTMG, and the higher the degree of polymeriza-
tion of the PTMG, the higher the PTMG content of the
THF organic phase. For example, when a PTMG having an

Mn of approximately 1800 is produced, the PTMG content

20 of the THF organic phase is approximately 23 to 25 % by
welght.

Step (ii) Removal of a portion of THF in the THF or-
ganic phase by distillation:

25 A portion of unreacted THF in the THF organic



separation of the catal yst phase. 25 48 Step (iii) Addition of a saturated
hydr ocarbon to the PTMS concentrate and the phase-separation of the resul -
tant mixture into a catal yst phase and an organic phase: 5 Exanpl es of
saturated hydrocarbons to be added to the PTM5 concentrate include C5-C10
saturated hydrocar- bons, such as cycl opentane, cycl ohexane, cycl oheptane,
cycl ooct ane, cycl ononane, cycl odecane, neth4¥cycl open- tane,

met hyl cycl ohexane, 2-ethyl hexane, pentane, hexane, 10 heptane, octane,

nonane and decaﬂﬁasghﬁéedigkﬂﬁﬂkgdof@er°Q§ﬁﬁﬂﬁﬁ%§ﬁﬂ§§g}ggﬁqﬁgggi

or in conbination e anmpbunt of the saturat on110

to 90 % by vei ghiatl el Rabhy1 5heMaR1000F 0ty Bir eleilinifg" gnprtﬁtaerabl y
from50 to 70 % by wei ght, ase on the tota wei ght of "a liquid

m xt ure obt ai neprig éGHbEﬁt&-'&%eS%bWt@ltee(i’mri%Caf bprtd 3 ! hrdtE¥amagncen-

trate. In this step (iii), tw liquid phases, nanely a catalyst phase

contai ning a poftbmnoQk tle 1het.er wAehY théOwadightCeaitaoned ithet Remgilo
concentrate and an organi ¢ phase conposed nmai nly of the saturated

hydrocar$on andingThEF ase le@sthanl e icattdley/ SfMivitendy @b pfidded and
renoved fromthe organi c phase, and the organi c phase
separation of the catalyst phase {which occurs in Step
(1iii) described below by the addition of a saturated
hydrocarbon to the PTMG concentrate) becomes low. In
other words, the amount of the heteropolyacid (dis-

10 solved in the THF organic phase) which i1s removed by
the phase-separation becomes gmall. This lowering of
the efficlency of the phase-separation can be explained
as follows. Since the solubility of a PTMG in a satu-
rated hydrocarbon is low, when the weight ratio of THF

15 remaining in the PTMG concentrate to the PTMG is low,
the mixture of the saturated hydrocarbon and PTMG con-
centrate is readily separated into a PTMG phase and a
Vhydrocarbon phase. This phase separation results in a
lowering of the efficiency of phase-separation of the

20 catalyst dissolved in the PTMG. On the other hand,
when the weight ratio of the rémaining THF is more than
3, the remaining THF functions as a good solvent for
the heteropolyacid and lowers the efficiency of phase-

separation of the catalyst phase.

25



I's subjected to a treatnent with an activated carbon in 25 the subsequent
step (iv). 49 Step (iv) Renoval of the catalyst in the organic phase by
the treatment with an activated carbon: In general, the heteropolyacid
content of the or- 5 ganic phase (which is subjected to step (iv)) is 1to
100 ppm When the organic phase is applied at a rate of 100 kg/hour to a
col umm packed with an activated carbon, tH8 activated carbon is used in an
anmount such that the 10 absolute value of y represented by the follow ng

for- mula (4) istep (4WNA Yy 2RGRAIY 1IN YP 2 Ishthhtea hylidctdrbon s Cidle @ 1S

the amount (kg) of the activated carbon, and P 1s the heteropol yacid

content 15 (ppeMeoicdrtRr ke Candatie bﬂaé@esé}%ﬁfafﬂénrSHU‘EthrbBﬁl-
het er opol yacid using an activated carbon, when the tenperature of the

col um  packed panth naxtantd Ve €6l £368081y St "Phatai agd #ht BrBantibe range of
from1l5 to 60 C and the tine of contact 20 between the heteropol yacid and

the activated pawds®x is controlled within the range of from5 to 60
mnutes, it becones possible to easily adjust the heteropolyacid content

of the & nal PTMG t ExHEmple0E ppbtutatbedt hpdrocagboné | tenbedalijetiheo
variation in the initial hetero
the PTMG concentrate include Cg-Cjg saturated hydrocar-

bons, such as cyclopentane, cyclohexane, cycloheptane,
cyclooctane, cyclononane, cyclodecane, methylcyclopen-
tane, methylcyclohexane, 2-ethylhexane, pentane, hexane,
10 heptane, octane, nonane and decane. These saturated
hydrocarbons can be used individually or in combination.
The amount of the saturated hydrocarbon used is
from 10 to 90 & by weight, preferably from 30 to 80 %
by weight, more preferably from 50 to 70 % by weight,
15 based on the total weight of a liquid mixture obtained
by adding the saturated hydrocarbon to the PTMG concen-
trate.
In this étep (iii), two liquid phases, namely a
catalyst phase containing a portion of the heteropoly-
20 acld contained in the PTMG concentrate and an organic
phase composed mainly of the saturated hydrocarbon and
PTMG, are formed. The catalyst phase is separated and
removed from the organic phase, and the organic phase
is subjected to a treatment with an activated carbon in

25 the subsequent step (iv).




50 polyacid content of the organic phase. The treatnent of the organic
phase with an acti- vated carbon can al so be conducted by a nethod where an
adsorption vessel is used in place of a colum, and the 5 activated carbon
havi ng adsorbed thereon the hetero- polyacid is renoved fromthe treated
organi c phase by filtration with a filter. By the above-descri bed
treatnent wth an activated carbon, al nost4all of the heteropolyacid
contained in 10 the organic phase is adsorbed on the activated carbon.
However, with respect to the heteropolyacid nolecules which are
interacting wwth the term nal hydroxyl groups of the PTMG nol ecul es, the

adsorption of h 14§ O-Ré}%w)/&lf' "P#&C&Jn‘?él?ﬁttf]ﬁ ﬁﬁ% 89&%918%929& s in

a 15 specific equi r|un1state ore 0SS Sérve the

het er opol yaci d mpleﬁel efewemshtacz@thnant %%qva&@dﬂnctab:bb g term nal hydroxyl
groups of the PTMG nolecules, in the organic phase with high selectivity.

Wth respect to the mtgé@@ﬁéxacmennéeaubg%l%b&h céftane b%t ¢hacClllg Wi th
the term nal hydroxyl groups of the PTMS nol ecul es, their heat

stabi|iZation aganbe pHaSGUKWhmahfiﬁﬁbhbge%&@ﬂrQ%SEQ@pDRihhg tilgerimalo ot i on
of the term nal hydroxyl groups of the PTMG nolecules is strongly

exhi bited than 10@ippuepol yneri zi ng action 25 which is conventionally
considered in this technical

When the organic phase is applied at a rate of 100
kg/hour to a column packed with an activated carbon,
the activated carbon is used in an amount such that the

10 absolute value of y represented by the following for-

mala (4) is in the range of from 5 to 100:

Yy=a/f (4)

wherein a is the amount (kg) of the activated
carbon, and B is the heteropolyacid content
15 (ppm} of the organic phase.

In the step for removing the heteropolyacid using
an activated carbon, when the temperature of the column
packed with an activated carbon is maintained within
the range of from 15 to 60 °*C and the time of contact

20 between the heteropolyacid and the activated carbon is
controlled within the range of from 5 to 60 minutes, it
becomes bossible to éasily adjust the heteropolyacid
content of the final PTMG to 10 to 900 ppb without be-

ing influenced by the variation in the initial hetero-




51 field to be the adverse effects of the residual hetero- polyacid

catal yst. Accordingly, the heat resistance of the PTM5is enhanced by the
presence of the heteropoly- acid in a specific amount. 5 That is, by the
above-described treatment with an activated carbon, the anount of

het er opol yacid con- tained in the saturated hydrocarbon is rendered ex-
tremely low, and the variation in the anmounspof the heteropolyacid
renmaining in the PTMGis kept to a mni 10 nmum so that the anount of the

het er opol yaci d S eyl I ' Wi éﬂ%% ).hal hydroxyl groups of
the PTMG nol ecglg'légsggacgr?th?%ﬁtgﬁ’tfw&?ﬁ n]{%e prtepgﬁgg'm ned range. 15 Step
(v) Removal of 2. Sl ¥ha! 85 eRXMeARaCRO RN SR AT pHANS QA dn RIGSE. by

phase-separation: In this step, THE renmaining In e organic

the activated coanbed thedofERdan 238 Hd |[dahdifea %é,;/ té;%et‘fﬂt?d ST

hydrocarbon in the organic phase 20 can be renpved hase- separ at1 on,
namel y the sepasdsotpeionniveste3atiy gl M PGEHHYF Dass1 @, 3afd Mae

phase. The THE concentration in the still residue af- ter renoval of THE is
0.1 % orsless, aceieatbdy cid®oiphaving effsortitl NMHeérdue ! @ia et & ppm or

| ess. By lower 25 ing the THE concentration as nuch as possible, it be 52
polyacid is removed from the treated organic phase by
filtration with a filter.

By the above-described treatment with an activated
carbon, almost all of the heteropolyacid contained in
10 the organic phase is adsorbed on the activated carbon.
However, with respect to the heteropolyacid molecules
which are interacting with the terminal hydroxyl groups
of the PTMG molecules, the adsorption of such hetero-
polyacid molecules on the activated carbon is in a
15 specific equilibrium state. Therefore, it is possible
to preserve the heteropolyacid molecules which are in-
teracting with the terminal hydroxyl groups of the PTMG
molecules, in the organic phase with high selectivity.
With respect to the heterbpolyacid molecules which
20 are interacting with the terminal hydroxyl groups of
the PTMG molecules, their heat stabilization action re-
sulting from the suppression of the thermal motion of
the terminal hydroxyl groups of fhe PTMG molecules is
strongly exhibited than their depolymerizing action

25 which is conventionally considered in this technical



conmes possible to not only separate the organic phase into a saturated
hydr ocar bon phase and a PTMG phase in a short tinme, but also | ower both

t he saturated hydro- carbon content of the PTMG phase and the PTMG cont ent
5 of the saturated hydrocarbon phase. As a result, the yield of the

pol ymeri'zation product is inproved by the |owering of the anpbunt of the
PTMG di ssolved in the saturated hydrocarbosiphase. Further, the | oad of
the distillation conducted in the subsequent step (vi) for 10 renoving the

sat urat ed hydrog¢ N i quee ' val,.of |lo oilin oi nt
subst ances ?‘/rom ité%g Ig'l?sl\/ge;e)hase%q_ow Eoi(%/flﬁn%&;%?on‘f ?h%s’f%%fc‘i ajcolh‘?‘é'lg‘)ﬁ%a in
the PTMG 15 phpeg ' igﬁpn ot h turat.ed hy-

dr ocar bon phage? a?gngﬁgﬁggéby dis?ﬁ?ﬁgﬁﬁgﬁlﬁadgbgr§9% u%&fﬁﬁ%ﬁgéﬁwgfln

this distillatiene prmclag %Iﬁncé@%&%ﬁlw B%ffrf?igér rl?é)ferl:g%il%—on 20

preferably 0.5 Torr or less, nore pref ess.
ducting the disachfainoa wpeéesifiilke Mpfaffe of vacuumas high as possible,
not only can the distillation tem perature be |lowered, but also the tine

in whichSthe PTMG i Shaxpasedbyo thehiaHbvermacd it i&eﬂﬁﬁéﬁ%ﬁthn a
|

result, a thermal deconposition of the PTMG during 25 the dist ation is
suppressed. Theaetdvateid carboh, whef emicitht ¥ Hdteripdiyd@id WonS

conduct ed under the
tained in the saturated hydrocarbon is rendered ex-
tremely low, and the variation in the amount of the
heteropolyacid remaining in tﬁe PTMG is kept to a mini-
10 mum so that the amount of the heteropolyacid molecules

interacting with the terminal hydroxyl groups of the

PTMG molecules is controlled within the predetermined

range.

15 .Step (v) Removal of a saturéted hydrocarbon phase from

the organic phase by pPhase-separation:
In this step, THF remaining in the organic phase

(after the activated carbon treatment) is distilled off
so that the saturated hydrocarbon in the organic phase

20 can be removed by phase-separation, namely the separa-
tion into a saturated hydrocarbon phase and a PTMG
phase. The THF concentration in the still residue af-
ter removal of THF i1s 0.1 & or less, preferably 100 ppm
or less, and more preferably 50 ppm or less. By lower-

25 ing the THF concentration as much as possible, it be-



degree of vacuum as high as possible. In addition, the distillation
tenperature is generally in the range of from60 to 160 C, preferably in
the range of from70 5 to 130 C. PTMG havi ng the heteropol yacid content of
from 100 ppb to 900 ppb is obtained by conducting the above- nentioned
steps (i) to (vi). 10 As described above, the PTMG of the present inven-
tion can be produced by a nethod which conpbBses: subjecting THE to a ring
openi ng- pol ynerization reaction in a continuous polynerization reactor with

stirrer in the ppgagn s%fibngf(grwplw dsdﬁ&gati“ tthe ]&%per{;eéﬁgg obtain

a PTMG havi ng a speci |c nol ec utron pr and

adj usting the heheeoROlkdeird 1 il d SAOMIE ShRe& LN of
the catal yst (heteropolyacid) fron1t ynerlza?¥5n reactldﬁhngéture 20

Her ei nbel ow, anaespogtatiia %d@d@.%tﬂ)ﬁé‘ﬁ%’éh ik L8R 04 fipiro- .

produci ng the PTMS of 't he present In- vention, with reference to Fig.

which shows a tygairban con@ ich ﬁyétmé%hﬂé/%nd R epIMO desh t &R Syst em
of Fig. 1, THE (nonomer) 25 and an aqueous THE sol ution of a

het er opobyaci d ofatheséatursited Ney@rcdetson plase SO ia0Fdgaitef aeed to
as the "catalyst solution” (CS)) is introduced into continuous
Yield of the polymerization product is improved by the
lowering of the amount of the PTMG dissolved in the
saturated hydrocarbon phase. Further, the load of the
distillation conducted in the subsequent step (vi) for

10 removing the saturated hydrocarbon is reduced.

Step (vi) Removal of low-boiling point substances from
the PTMG phase:
Low-boiling point substances contained in the PTMG
15 phase (which has been separated from the saturated hy-
drocarbdn phase) are removed by distillation under re-
duced pressure. In this distillation, the degree of
vacuum is generally 5 Torr or less, preferablf 0.5 Torr
or less, more preferably 0.005 Torr or less. By con-
20 ducting the distillation under the degree of vacuum as
high as possible, not only can the distillation tem-
perature be lowered, but also the time in which the
PTMG is exposed to a high temperature is shortened. As
a result, a thermal decomposition of the PTMG during

25 ‘the distillation is suppressed. Therefore, it is



pol ynmeri zation reactor 2 equipped with stirrer 1, and the resultant
reaction systemin reactor 2 is stirred 5 vigorously. The specific gravity
of the catalyst solu- tion (CS), the retention tine (V/F) of THE and the
no- tive power (P/V) applied to the liquid per unit volune of the reactor
correlate to each other. Therefore, for producing a PTMG having a specific
nol ecul ar wei ght 10 distribution properties53the polynerization of THE is
performed under conditions wherein the specific gravity of the catalyst

sol ution (CS), phef¥riredlbatithd s Ml A CAMIGRIA Afddr SGi&ct ed

ﬁ?ﬁ
fromthe above- nentioned ranges. During the polynerization reaction, 15

THE i s continuodehyebeds! gacartil As higi! R Rsd 11008 Mo 1r! Yadiadnd ik 3
is fed to reactor 2 so as to nmain- tain the anount of water coordi‘nated to

the catalyst (dbstibatdendtenper@tdre M Yaidrd in
reactor 2) at a desired, predeterm ned Ievelrg The %?ﬁﬁeﬁ%%t oﬁéf

reacti on m xturfrom 60Nntonu@es oy, WirbBfedad &Boqh%e§%5%% 2239 o st erred
0

to first, phase- separation vessel 4 so as e separated Iinf0o a reac-
tion-forfed THEEPha3€ fCpper phase) and a reaction- forned aqueous
THE/ cat al yst phase (CP) (| ower phase). 25 The aqueous THE/ catal yst phase
(CP) is recycled to PEMG5haydngr the Retebidpollvasad Guttdnt e o Vo
produced by the polynerization reaction) is withdrawn from

PpPD tO 900 ppb is obtained by conducting the above-

mentioned steps (1) to (vi).

10 As described above, the PTMG of the present inven-

tion can be produced by a method which comprises:
subjecting THF to a ring opening-polymerization

reaction in a continuous polymerization reactor with

stirrer in the presence of a heteropolyacid catalyst,

15 to thereby obtain a PTMG having a specific molecular
welght distribution Properties; and |

adjusting the heteropolyacid content of the PTMG
by removing a portion of the catalyst (heteropolyacid)
from the polymerization reaction mixture.

20 Hereinbelow, an explanation is made with respect
to the method. for producing the PTMG of the present in-
vention, with reference to Fig. 1 which shows a typical
production system for PTMG.

In the production system of Fig. 1, THF (monomer)

25 and an aqueous THF solution of a heteropolyacid (cata-




phase-separation vessel 4 at the sane rate as the rate of the feeding of
THF. 5 The THF phase wi t hdrawn from phase-separation ves- sel 4 is

i ntroduced to distillation vessel 5. A por- tion of THF in the THF phase is
distilled off to there- by obtain a PTM5 concentrate. The PTMG concentrate
Is a solution of PTM5in which the PTMG concentration has 10 been
increased in distillation vessel 5. The PTM34con- centrate is introduced to
second, phase-separation ves- sel 6. An organic solvent (S) (such as a

C5- C10 satu- rallgéthydneearinbelow, aees $01hPEol S FOPECRREE 46 48 the

second, phase-separation vessel 6, and after m xing the 15 solvent and the

PTMG concent r at 8chfadlyistr istgutien T e(CS)) t Bt 1 Mt XéaESed SLTEPEGHEIEHES t WO
| i quid phases. By this phase-separation, a catalyst phase (CP) con-
taining a porti polyherizatdicl ysdackes 0f véguippédeviae! ¥pErigat 1 pnangact i on
m xture (PTMS concentrate) 20 (|l ower phase) and an organi ¢ phase conposed

mai nly of the &hgamesuddardntrea)tibom Hfdten upperepdiose)2 aie storped.
Subsequently, the catalyst phase (CP) is re- noved. The renai ning organic

phase i s9subj ecVdgoreusly .adFbepspecitfieatgravi ty tdf dheaatdbedyart aaylhon
(AC) by, 25 for exanple, introducing the organic phase into colum 56 7
packed with an deRvACEd .cdlvret®ntion tdser ¥/Bh of r'Bdl nemd , thé nmst al |
of the catal yst dissolved in the

tive power (P/V) applied to the liguid per unit volume
of the reactor correlate to each other. Therefore, for
producing a PTMG having a specific molecular welght
distribution properties, the polymerization of THF is
performed under conditions wherein the specific gravity
of the catalyst solution (CS), the V/F value and the
P/V value are appropriately selected from the above-
mentioned ranges. Dﬁring the polymerization reaction,
THF is continuously fed to reactor 2 and water from wa-
ter feeding tank 3 is fed to reactor 2 so as to main-
tain the amount of water coordinated to the catalyst
(in other words, so as to maintain the amount of water
in reactor 2) Ft a desired, predetermined level. The
polymerizationrreaction mixture is continuously with-
drawn from reactor 2 and transferred to first, phase-
separation vessel 4 so as to be separated into a reac-
tion-formed THF phase (upper phase) and a reaction-

formed aqueous THF/catalyst phase (CP) (lower phase).

The aqueous THF/catalyst phase (CP) is recycled to re-




organi ¢ phase is adsorbed on the activated carbon (AC), but a portion of
the catal yst which is considered to be 5 interacting with the term nal

hydr oxyl groups of the PTMS nol ecules remains in the organic phase. The
or- gani c phase which passed through colum 7 packed. with an activated
carbon is introduced to distillation col- um 8 to distill off THF fromthe
organi c phase. THF 10 is distilled off fronbbhe organic phase in an anount
sufficient to cause phase-separation of the organic phase into an organic

sol vent (S) phagetepdza PING Tﬁ?aﬁﬁaszhﬁboh%aihﬁnﬁst%%tPﬂ@ﬁi remove

all of THF in the organic phase. 15 After renovi resu tant

organi ¢ phase iBy th&r Ed!?ﬁ'{éﬁi&tdtitcm b aceRal B tié)%i'ngﬁng%wr? S to

separate the organic phase into two |iquid phases, an organlc

sol vent phase apliagePsbpaphaion Nedsel € ¥ 04l Gl \iite IS Scd&OVed

from separation 20 vessel 9 and the remai ning PTM5 phase 1s introduced into
vacuum di sti | | abof obheeseeldihy cruamrs thin filmdistil- lation apparatus).
In distillation vessel 10, |low boiling point substances (LBPS) (such as

remaining THF, the ThgaTHE phlaventvidhdrbwn Er@0 PHdde Adpahatid ekl f,
25 thereby obtalnlng the PTMS of the present invention. 57 By the

above- nment i oneds@kt hodls iinthredumoes] tessiidtel Iatsicablvesssmus: a geFver ci al
scal e production of the
tion of THF in the THF phase is distilled off to there-
by obtain a PTMG concentrate. The PTMG concentrate is
a4 solution of PTMG in which the PTMG concentration has

10 been increased in distillation vessel 5. The PTMG con-
centrate is introduced to second, phase-separation ves-
sel 6. BAn organic solvent (S) (such as a Cy-C1p satu-
rated hydrocarbon) is added to the PTMG concentrate in
second, phase-separation vessel 6, and after mixing the

i5 solvent and the PTMG concentrate by stirring, the re-

| sultant mixture is separated into two liquid phases.
By this phase-separation, a catalyst phase (CP) con-
taining a portion of the catalyst dissolved in the
polymerization reaction mixture (PTMG concentrate)

20 (lower phase) and an organic phase composed mainly of
the organic solvent (S) and PTMG (upper phase) are
formed. Subsequently, the catalyst phase (CP) is re-
moved. The remaining organic phase is subjected to an

adsorption treatment with an activated carbon (AC) by,

25 for example, introducing the organic phase into column



PTMG of the present invention which has an adjusted content of

het er opol yaci d and specific nolecular weight 5 distribution properties.

The PTMG of the present invention can be used in the formof a PTMG
copolynmer, i.e., a copolyner of THE w th a nononmer of another ether type
pol yner. Exanples of the conononer to be copol ynerized with THE include 10
3-net hyl -t etrahydrofuran, 1,2-propylene oxé?e, 3-net hyl - oxetane' and the
like. I'n such a PTMsG copol yner, the content of the conmononmer units is 20 %
by weight or |ess, preferably 10 % by weight or |ess, based on the weight
of the PTMG copfoP@fkpd ¥dthhanpagtiyatede carbosnt BvivERLS FAERFPHIPR | m
proved properties with respect to_heat resistance and |ow viscosity. By
virtue of thestTeRtBENENt admesér fildsof the catelyst 4dEsRA¥SA: i8n tHe t he
PTMSG during the stor- age be suppressed, but al so the anount  of q
stabilizer 20 eaﬁaﬂécd@gﬁé&sé& agsprked ofhdheaRCEdVEtsds CAFERTof A FMG

being formed during the polynerization process s . suppressed. Therefore,
Che  PTVE of t nBUST B BRE ARV AT (then CBIAIe taddfin g0 COPS106csd 4o D¢

i ber afd a polPrPEerbiBoordeh She farmingl BI4FouS: SFBRPEARRYIRE OUT THE
| NVENTI ON HereE%%%'%%le%ﬁ e%r%%%%EnE”%%P%&%Pd@déni%ep%%be. The or-
ganic phase which passed through column 7 packed with
an activated carbon 1s introduced to distillation col-
umn 8 to distill off THF from the organic phase. THF
10 is distilled off from the organic phase in an amount
sufficient to cause phase-separation of the organic
phase into an organic sblvent (S) phase and a PTMG
phase. That is, it is not necessary to remove all of
THF in the organic phase.
i5 After removing THF, the resultant organic phase is
introduced into third, separation vessel 9 so as to
separate the organic phase into two liquid phases,
namely, an organic solvent phase and a PTMG phase. Next,
the organic solvent phase is removed from separation
20 vessel 9 and the remaining PTMG phase is introduced into
vacuum distillation vessel 10 (such as thin film distil-
lation apparatus). In distillation vessel 10, low-
boiling point substances (LBPS) (such as remaining THF,

the organic solvent and THF oligomers) are distilled off,

25 thereby obtaining the PTMG of the present invention.



scribed in nore detail with reference to the follow ng Exanples,
Conpar ati ve Exanpl es and Test Exanples, but 5 they should not be construed
as limting the scope of the present invention. In the follow ng Exanpl es,
vari ous properties were neasured using the follow ng instruments and by
the followng nethods. 10 (1) GPC i) Instrunents GPC apparatus: Shodex GPC
system 11 (manufactured and sold by ShowasDenko K. K., 15 Japan) Col um:
Shodex OH pack (nanufactured and sold by Showa Denko K. K., Japan): SB 806

Det ector. DUt er entt) Cher iRy bRt ge'ﬁhmagﬁ%hpefﬁf LIRS
(eluent): 0.02 gnl§ % ong‘ ol ution of g E% oé n& e g Ehom/yate
of carrier: 1.B°nFFRPHYsEONRGhnE GPMPRFSLAEqSSaNEI BEOIBE LB, 85aF8Pi on of
a sanpl e: 0. 8 BARE' 8F' PRe ObrEIMA ! Pnvention which has an adjusted
content of heteropolyacid and specific molecular weight
distribution properties.

The PTMG of the present invention can be used in
the form of a PTMG copolymer, i.e., a copolymer of THF
with a monomer of another ether type polymer. Examples
of the comoncmer toc be copolymerized with THF include
3-methyl-tetrahydrofuran, 1l,2-propylene oxide, 3-methyl-
oxetane and the like. In such a PTMG copolymer, the
content of the comonomer units is 20 ¥ by weight or
less, preferably 10 % by weight or less, based on the
weight of the PTMG copolymer.

The PTMG of the present invention exhibits im-
proved properties with respect to heat resistance and
low viscosity. By virtue of these excellent properties,
not only can decomposition of the PTMG during the stor-
age be suppressed, but also the amount of a stabilizer
can be decreased. Further, thermal decomposition of
PTMG being formed during the polymerization process is
suppressed. Thérefore, the PTMG of the present inven-
tion can be advantageocusly used for producing high per-

formance elastic fibers, such as a polyester elastic

fiber and a polyurethane elastic fiber.




t he above-nentioned carrier. 5 (2) Viscosity i) Instrunents Apparatuses:
E-type visconeter, Controller E2 and G rculating constant-tenperature
bath VCH 4 (each manufactured and 10 sold by TOKI MEC, Japan) ii)
Condi tions used for neasuring viscosity Tenperature: 40 C (39 to 41 C

- Revolution of rotor: 20 rpm 15 (3) TGA (Thernogravinetric analysis) i)
| nstrunment Apparatus: TA 2950 (manufactureds@éand sold by TA |Instrunent,
US A ii) Conditions used for analysis 20 Rate of increase in tenperature

10 T min Range of temgidt YWehe! is" f&Rﬁflﬁl‘dS'

C At nosphere used for analy as a : ‘:'-.- time: 1
hour) 25 60 (4) NB&&QPQ Béléﬁt eE EQs@ng g%%%'mﬁcwﬁ%tee%-
Fbteropolya0|d cont ent o PTMG i's rn1ne y measuring the

concentrations @érib@asiﬁnmo%| HQ%&EW&W reFedind® G '8d1 10wl ng
het er opol yaci d. The tot al
Examples, Comparative Examples and Test Examples, but
they should not be construed as limiting the scope of
the present invention.

In the following Examples, various properties were

measured using the following instruments and by the

following methods.

(1) GPpC
i) Instruments
GPC apparatus: Shodex GPC system-11 (manufactured
and sold by Showa Denko K.K.,
Japan)
Column: Shodex OH pack (manufactured and sold by
Showa Denko K. K., Japan}):
SB 806 M (2 columns)
SB 802.5 (1 column)
ii) Conditions used for analysis
Detector: Differential refractometer
Column temperature: 60 °C
Carrier (eluent): 0.02 mol/liter LiBr solution of
dimethylacetamide

Flow rate of carrier: 1.0 ml/min




5 of the tungsten, nol ybdenum and ni obi um concentrations is used as the
het eropol yacid content of the PTMG A Apparatus: PQQtype |ICP-M

(manuf actured and sold by VG 10 El enental, England) B. Method for |CP-Mss
Spectronetry (D Approximately 5 g of a sanple PTMGis placed in a quartz
crucible. 15 (r) The crucible containing the sanple is heated to cal- cine
the sanpl e, thereby obtaining a deconpositi®®d product. (r) To the
deconposition product obtained in step above is added 2 ml of 35 %

hydrochloric acid sgllduntOole resu nt.mxture is heated on a
hot plate to dissolve Fﬂ t(‘afcg'[ill %g%ﬁ&%‘o uctkbﬁ Pﬁe hydr ochl ori c acid

sol ution, thereby opggparagi@ns@@-dﬂgﬁﬁﬂ;éﬂlgn QOSEQFEESnSB?pb%MEOE tion

is added 0.1 m of an aqueous 25 1 ppm i ndium (1 n) solution as an internal

standard. 61 (c) Vater is addegnhkOabBelinthiengal %'aE‘i‘:‘Ei.e'I” step above so
that the final volune of the solution be- conmes 25 m. (c) The sol ution

obtained in step (c) is subjected to 5 |CP-Mass spectrometry. C.
Preparation of a calibration curve:
5 (2) Viscosity

i) Instruments
Apparatuses: E-type viscometer, Controller E2 and
Circulating constant-temperature
bath VCH-4 (each manufactured and
10 sold by TOKIMEC, Japan)
ii) Conditions used for measuring viscosity

Temperature: 40 °C (39 to 41 °C)

Revolution of rotor: 20 rpm

15 (3) TGA (Thermogravimetric analysis)

i) Imstrument
Apparatus: TA 2950 (manufactured and sold by TaA
Instrument, U.S.A)
ii) Conditions used for analysis
20 Rate of increase in temperature: 10 °C/min
Range of temperature used for analysis:
Room temperature to 500 °C

Atmosphere used for analysis:

Nitrogen gas atmosphere (purge time: 1 hour)
25



OO A set of standard solutions for preparing a calibra- tion curve is

I ndi vidual ly prepared for each of 10 tungsten, nolybdenum and vanadi um
Specifically, a series of solutions containing one nmetal species in

vari ous concentrations (5 to 10000 ppb by weight) is prepared. (r) 0.1 n
of an aqueous 1 ppmindium (I n) solution asgpl5 an internal standard is
added to 5 g of each of the standard solutions prepared in stepO

thus obt al ned APt ORS1S8 EDRatP RENGBITHe o SLRERPORFAEIh okt 2 m
20 (1) The resul tant yaglehpBigais YUAECEA il Setseﬁnjg [Ty o

as, to prepare a callbratl urve ermna on 0 yaci d

content: The reﬁg@%ﬁ&&% Q%%e% Lt é}qﬁéﬂ&ﬁnéﬂﬁq#ggﬁﬁxmgwgg)g?lon

vanadi um of a sanpl e P are determn y usin

curves for tungghgnwailathder Eﬁﬁﬁﬂ

Pol yoxyt et r anet hyl egg gl ylmﬁe ?g#%g)%ev\%g%prag Uced RSt ng ]t%e produ 1:l'i‘oln
Syst em stown | Noffl ¢nel tublgstien Ay t use
as a polynerization catalﬁgt ﬁas pr?ﬁtce aSE# fﬁﬁidﬁ; éﬁ%%ﬁ%ﬁgﬁggé i on
vessel was prepakedsedhiadhth® heteropolyacid content of the PTMG.

A. Apparatus:

PQQ-type ICP-MS (manufactured and sold by VG

Elemental, England)

B. Method for ICP-Mass Spectrometry:

@ Approximately 5 g of a sample PTMG is placed in a
quartz crucible.

@ The crucible containing the sample is heated to cal-
cine the sample, thereby obtaining a decomposition
product. |

® To the decomposition product obtained in step @
above is added 2 ml of 35 % hydrochloric acid solu-
tion. Then, the resultant mixture is heated on a hot
plate to dissolve the decomposition product in the
hydrochloric acid solution, thereby obtaining a sam-
ple solution.

@ To the sample solution is added 0.1 ml of an aqueous

1 ppm indium (In) solution as an internal standard.




10 provided with a 3-way cock having three respective ends, wherein each
end has attached thereto a condenser and an eggplant type flask for
collecting and storing a distillate produced by the condenser, so that the
con- tents of the reaction vessel can be distilled. The 15 thus prepared
reaction vessel was used for producing a hegteropolyacid catalyst sol ution.
1 liter of tetrahy- drofuran (THF) and 600 g of sllicotungstic acid dodeca-

hydr at i nt dinto § _ ti | i i hi d
Slitred a 60 COWMIETAR AL S S0 MR P EabRtdobt cobaBoR of

t d THF f | 4N I fi ' luti
bei ng Tormed i n Che NS (o VAS<HTe vEAnHE, Tois ¢ “cRba¥otdhn pES M "

feeding THF to thet%ﬁﬁggggp essel every 10 mnutes so as to conpensate
for the total anount 0o wat’er and THF renoved fromthe reaction vessel

Wien 63 the spegi f'fbrfe %&@giympfotg%ﬁyé%&%%P%%ﬁ@qg. bjta se(ﬁ’u Ition was

termnated to thereby obtain a ca namnel’y, on of a

het er opolgacid catqrﬂgqgsg{géﬁg%#gmgﬁfianixture. 5 Next,
g s produc

pol yoxyt et ranet hyl ene gl yco by the follow ng operation.
Reactor 2 having a capacity of 500 ml was equipped with stirrer 1 and a
ref lux con- denser. 110 ml of the above-obtained catal yst solution (CS)

was charged int@)egebpardtdod ¥ AcOflivkdEion curve:
@ A set of standard solutions for preparing a calibra-
tion curve is individually prepared for each of
10 tungsten, molybdenum and vanadium. Specifically, a
series of solutions contalning one metal species in
various concentrations (5 to 10000 ppb by weight) is
prepared.
@ 0.1 ml of an agqueous 1 ppm indium (In) solution as
15 an internal standard is added to 5 g of each of the
standard solutions prepared in step @ individually,
thereby cobtaining mixed solutions.
@ Water is added to the thus obtained solutions so
that the volume of each solution becomes 25 ml.
20 @ The resultant solutions are subjected to ICP-Mass

spectrometry so as to prepare a calibration curve.

D. Determination of a heteropolyacid content:
The respective concentrations of tungsten, molybdenum

25 and vanadium of a sample PTMG are determined by using the



10 (nonomer) was added thereto to thereby obtain a reac- tion system
conprised of a THE organi ¢ phase and an aqueous THE/ catal yst phase. The
obt ai ned reaction sys- temwas stirred at 60 OC while maintaining the

- notive power (P/V) applied to the liquid per unit volunme of 15 the reactor
at 2.0 kWwnB and while feeding THE to reac- tor 2 at a rate of 28 m/hour,
to thereby obtain a polynerization reactidr® mi xture conprising a reaction-
formed THE organi ¢ phase containing a pol yoxytetra- nethylene glycol and a

reaction-fornedcapuepdeidfl EhEveat 2b¥stundten, The1vyddRhMimPAand RRn@\Y F) of
THE in reactor 2 was 15 hours. During the reaction, water was fed to

reactor 2 fromasehar feeding tank 3 so as to maintain the specific gravity
of the aqueous THE/ catalyst phase at 2.1. A part of the polyneriza 25 tion
reaction mxture was transferred into first, 64 phase-separation vessel 4,
t hereby separating the reac- tion mxture into two phases, nanely an upper
reaction- forneBxdipler gani c phase containing a pol yoxytetra- nethyl ene
glycol and a | ower reaction-formed aqueous 5 THF/ catal yst phase. The upper
phase wa% wi t hdrawn Podyoxftetramphhydenepgilyciodn (PIMS) whsapradustedl whi ch
Is the sanme as the rate of the feeding of THF, while the | ower

react i on- f or neduagngotbeTEHECAuCAipat syistem EDRWnNvdN BIg.cylcl ed to reactor

> First, a heteropolyacid catalyst solution for use

as a polymerization catalyst was produced as follows.
A 2-liter reaction vessel was prepared, which i1s

10 provided with a 3-way cock having three respective ends,
wherein each end has attached thereto a condenser and
an eggplant type flask for collecting and storing a
distillate produced by the condenser, so that the con-
tents of the reaction vessel can be distilled. The

15 thus prepared reaction vessel was used for producing a
heteropolyacid catalyst solution. 1 liter of tetrahy-
drofuran (THF) and 600 g of silicotungstic acid dodeca-
hydrate were introduced into the reaction vessel in
this order, and stirred at 60 °C, while continuously

20 removing an azeotropic vapor of water and THF from the
reaction vessel. The specific gravity of a solution
being formed in the reaction vessel was periodically
measured while feeding THF to the reaction vessel every
10 minutes so as to compensate for the total amount of

25 water and THF removed from the reaction vessel. When



10 The upper phase withdrawn fromfirst, phase- separation vessel 4 (i.e.,
the reaction-formed THF or- gani c phase containi ng pol yoxytetranet hyl ene
glycol) was fed into distillation vessel 5 for renoving unre- acted THF.
The THF concentration of the organic phase 15 was adjusted to 45 to 50 % by
wei ght, thereby obtaining a polyoxytetranethylene glycol concentrate. The
above-nenti oned operation for obtaining a &®lyoxytetranethyl ene glycol was
continuously perfornmed for 50 hours. Approximately 10 g of the

pol yoxytetra 20cHg! bybeasdl wralviigneanhidl o JILfusC beldiiena, e ieadl e

operation of the reactor was san romdistillation vessel 5 for GPC
anal ysis. Specifigathyn Wayw lE%'xjrdih teRPitY tHEITRN OBt aA8 & Hatdilysad of f

fromthe sanpled polyoxytetranethylene glycol cdncentrate at 60 C under 25

1 Torr before sgyhif@eibRy hamels anelsslivtioh@f & Heter@polsfsfe s ®dtd-n
Table 4. Further, 100 g of the polyoxy- tetranethylene glycol concentrate

produced duringiybe iatabrErFyReItRd dl:@lurddle reactor was subjected to the
foll ow ng operations for adjusting the heteropolyacid 5 content of the

pol yoxyt st r amet hyl enNeglty ¢ pbol ybay t@ tifanidthyl@neo xiyeiola weid Pyt ady o
concen- trate was fed into second, phase-separation vessel 6. 120 g of

n-oct ane (sol vebhe SpllewingdepdratsicnnndReapitare2shpaialg an capesdityé and
stirred for 5 mnutes at
of 500 ml was equipped with stirrer 1 and a reflux con-
denser. 110 ml of the above-obtained catalyst solution
(CS) was charged into reactor 2 and 310 ml of TﬁF
10 (monomer) was added thereto to thereby obtain a reac-
tion system comprised of a THF organic phase and an
aqueous THF/catalyst phase. The obtained reaction sys-
tem was stirred at 60 °C while maintaining the motive
power (P/V) applied to the liquid per uﬁit volume of
15 the reactor at 2.0 kW/m® and while feeding THF to reac-
tor 2 at a rate of 28 ml/hour, to thereby obtaln a
polymerization reaction mixture comprising a reaction-
"formed THF organic phase containing a polyoxytetra-
methylene glycol and a reaction-formed aqueocus
20 THF fcatalyst phase. The retention time (V/F) of THF in
reactor 2 was 15 hours. During the reaction, water was
fed to reactor 2 from water feeding tank 3 so as to
maintain the specific gravity of the aqueous

THF /catalyst phase at 2.1. A part of the polymeriza-

25 tion reaction mixture was transferred into first,




10 roomtenperature, thereby obtaining a m xture. The ob- tained m xture
was allowed to stand still for approxi- mately 5 mnutes, so that the

m xture was separated in- to a | ower aqueous THF/ het eropol yaci d cat al yst
phase (CP) and an upper organi c phase. 200 g of the upper 15 organic phase
which is a solution containing polyoxy- tetranethyl ene glycol was placed in
a 500 m eggplant type flask which was waré#&d in a water bath maintained
at 50 C. Subsequently, the solution was applied to adsorption colum 7 at

a rate of 100 gphase-sepagarizh REE5eIA O d Wb %?Hk t SHEL
packed with 1 kg of an activated carbon (AC) an&Fﬁi co d%ﬁfﬁgg9g% out er

jacket in whi chtienemikeatred it two Wiagdd C Yaneiy G Uptferdt GBI N the
i nner tenperature of ad- sorption colum 7 at 40 C or higher. 25 An eluate

(approxi mat el y £200mgj wnpamﬂﬂwmm&@omc&miixq: £ Polghxymascl aced in
a 300 m eggplant type flask heated in an oil bath maintained at 100 C

The eggpl ant typthylese giycedquiandd lddemrdddtercinapdica dddddid on
colum (nunber of theoretical plates: 10). 5 The eluate in the eggpl ant
type fla8k was THByeatedyss phiasie. | ZhionppedephakedspkewithArawauEeom t h
stirring to thereb¥ renove THE in the eluate. The residual so- lution in
the flask was t¥fihster PRasecsgrag@hiiorsomsel t4 et fairate wiektnsi g RiHel,
phase-separati on vessel 9.

same as the rate of the feeding of THF, while the lower
reaction-formed aqueous THF /catalyst phase (CP) was re-
cycled to reactor 2. |

The upper phase withdrawn from first, phase-
separation vessel 4 (i.e., the reaction-formed THF or-
ganic phase containing polyoxytetramethylene glycol)
was fed into distillation vessel 5 for removing unre-
acted THF. The THF concentration of the organic phase
was adjusted to 45 to 50 % by weight, thereby obtaining
a polyoxytetramethylene glycol concentrate.

The above-mentioned operation for obtaining a
polyoxytetramethylene glycol was continuously performed
for 50 hours. Approximately 10 g of the polyoxytetra-
methylene glycol concentrate produced during the stable
operation of the reactor was sampled from distillation
vessel 5 for GPC analysis. Specifically, low-boiling
point substances were distilled off from the sampled

polyoxytetramethylene glycol concentrate at 60 °C under

1 Torr before subjecting to GPC analysis. The results




10 In third, phase-separation vessel 9, the solution was allowed to
separate into two phases,' nanely a phase containing pol yoxytetranethyl ene
glycol as a nmain com ponent and a phase containing n-octane (S) as a main
conponent. The | ower phase (approximately 30 g) con 15 tam ng

pol yoxyt et ranet hyl ene gl ycol was taken out from third, phase-separation
vessel 9 and subjected to vac- uumdistillagon in vacuumdistillation
vessel 10 for 20 minutes at 100 C under a reduced pressure of not nore

L o oL k08 bAT PR oS! PRRERLEO (457 o U8 Ry 0ogeLane

bt ai ned PTMG ' i ght
(Nny and the o SEaar haeaR: oAreRrr soReen R R AT SRR, nd Bhe"S,
PIMS was det ef 1 fggh Y ofBEattafar ol nE0adiadeds wal stibiddtaedd fniet em (1)
above. The results are shown in Ta- e 4. The heteropdl yacid

(silicotungsticratidwifgNopkeRlti0hst ff%xofahah%ﬂnlawfﬁemt@%?dnyrm&y t he

nmethod described in item{(4) above. The heteropol yacid con tent of the
PTMG wass 300 pplok¥eirti 88t theEpdRlokytetidmettiyilRged glgidoaver nol ecul ar

wei ght distribu- tion than that of the PTMG produced in Exanple 1 was 10
produced in the fol | pwong BENRBE. pbhospiediramethglene glycol concen-
trate was fed into second, phase-separation vessel 6.
120 g of n-octane (solvent, S) was added to second,
phase-separation vessel 6 and stirred for 5 minutes at
i0 room temperature, thereby obtaining a mixture. The ob-
téined mixture was allowed to stand still for approxi-
mately 5 minutes, so that the mixture was separated in-
to a lower aqueous THF/heteropolyacid catalyst phase
(CP) and an upper organic phase. 200 g of the upper
15 organic phase which is a solution containing polyoxy-
tetramethyiene glycol was placed in a 500 ml eggplant
type flask which was warmed in a water bath maintained
at 50 °C. Subsequently, the solution was applied to
adsorption column 7 at a rate of 100 g/hour using a
20 pump. Adsorption column 7 was a column packed with 1
kg of an activated carbon (AC) and the coluhn had an
outer jacket in which water heated to 45 °C was circu-
lated so as to maintain the inner temperature of ad-

sorption column 7 at 40 °C or higher.

25 An eluate (approximately 200 g) obtained from ad-



produci ng pol yoxytetranmet hyl ene glycol was effected in the sane manner as
i n Exanpl e 1, except that the anmpbunt of the silicotungstic acid solution
(catal yst solution) charged into the reactor was increased by 50 ni

wi t hout 15 changing the total volume of the liquid in reactor 2 (thus, the
anount of THE charged into the reactor was decreased to 260 m ) and the
feeding rate of THE was 42 m/hour. In addééion, the V/F value of THE in
the reactor was changed from 15 hours to 10 hours. The P/V 20 val ue of the

reactor was 2.0 ' S S hat a W,

respect to the %é%%ﬁ%gy%%p'y\g@ygetgﬁasn@[{%ﬁe?\ei% %I y:’?cﬂ ﬁﬁt @gﬁ)&#&l& ar age
nmol ecul ar wei gh : e l_aguhar. | i I Qutqi o\as 5; and
the 25 content % gﬁiﬁgﬁgégfagca’l aralﬁaglaght 5'%%0%e%u é{s#/asldgé \@g 9%%% by

wei ght. Fromt h@éﬁpiﬁh‘ﬁeﬁzyipte if&algp%{ﬂ% %%ﬁ%#gﬁ iG] A iRl Hils -

di stribution of a polyoxy-"tetranethylene g can be narrowed w t hout

cchangi ng  the nuipestaver A v Qe Binddiderial s ar@asing the

VIF value of THE in the reactor. The heteropolyacid (silicotungstic acid)

content sof theTReoduGateP Ay BHE VdHRINY [18AF H ML WS Afbjdarsd@cdd n the

same manner as in Exanple 1, thereby ob- taining PTMG The heteropol yacid

content of the &IMEilQawddn? Ahdepbd dimosittic fprddmire twietiPladiabing ned by
to thereby remove THF in the eluate. The residual so-
lution in the flask was transferred to a 300 ml separa-
tion funnel used as third, phase-separation vessel 9.

10 In third, phase-separation vessel 9, the solution was
allowed to separate into two phases, namely a phase
containing polyoxytetramethylene glycecl as a main com-
ponent and a phase containing n-octane (S) as a main
component. The lower phase (approximately 30 g) con-

15 taining polyoxytetramethylene glycol was taken out from
third, phase-separation vessel 9 and subjected to vac-
uum distillation in vacuum distillation vessel 10 for
20 minutes at 100 °C under a reduced pressure of not
more than 0.1 Torr. Low-boiling point substances

20 (LBPS), such as n-octane, THF and oligomers, were dis-
tilled off to thereby obtaln PTMG. The obtained PTMG
was approximately 23 g.

The number average molecular welght (Mn) and the
molecular weight distribution (Mw/Mn) of the obtained

25 PTMG was determined by GPC under the conditions men-



adj usting the heteropolyacid content of the polyoxy- tetranethylene glycol
was anal yzed by GPC. The results are shown in Table 4. 15 Exanple 3 The
operation for producing pol yoxytetranethyl ene glycol was effected in
substantially the same nmanner as in Exanple 1, except that 80 ml of a
phosphonol ybdic acid solution having a specific gravity of 1.8 was used 20
as a catalyst solution, the initial amount ¥ THE charged in the reactor
was 340 m, the VF value of THE in the reactor was 10 hours, and the

feeding rate oftiWALAr 1403 +eAN(9 lstsbyil. afmko Q%hﬂké'ﬁrbhﬁhﬁﬂﬁc&h'@a-
gravity of the aqueous THE/ catal yst phase in tﬁé reac 25 tor at 1. In

addition, the Ph¥eval uern@snétdrkpbifacta (‘é&hhcb%ﬁﬁ%%‘tiboabﬂﬁ)pmuced

polyoxytetranethylene gl ycol, the nunber average nol écul ar wei ght was 1060;

the nol ecul ar wekght ogti $hel Wﬂﬁméwi-ma%@fﬁbﬁéﬁnimt@ttm i €ba

nol ecul ar wei ght PTMG nol ecules was 5 4.35 % by wei ght he het er opol yaci d

(phosphonol ybdi geseirdbe@onneaitendf( J)h%wwucmepabx@m&:@uyamrdhﬂmne
glycol was ad- justed in the same manner as in Exanple 1. thereby ob-

tai ni ng 8TMG. Thenheb€r ehel YaMal w300 pib the w8EAMRE0 was 600 ppb by
wei ght. Further, the PTMG obtained by adjusting the heteropol yacid content
of the pol yoxy-
Example 2
PTMG having a narrower molecular weight distribu-
tion than that of the PTMG produced in Example 1 was
10 produced in the following manner. The operation for
producing polyoxytetramethylene glycol was effected in
the same manner as in Example 1, except that the amount
of the silicotungstic acid solution (catalyst solution)
charged into the reactor was increased by 50 ml without
15 _ changing the total volume of the'liquid in reactor 2
(thus, the‘amount of THF charged into the reactor was
decreased to 260 ml) and the feeding rate of THF was
42 ml/hour. In addition, the V/F value of THF in the
reactor was changed from 15 hours to 10 hours. The P/V
20 value of the reactor was 2.0 kW/m® which was the same
as that of Example 1.
With respect to the produced polyoxytetramethylene
glycol, the number average molecular weight was 1940;
the molecular weight distribution was 1.65; and the

25 - content of high molecular weight PTMG molecules was



tetramet hyl ene gl ycol was anal yzed by GPC. The results are shown in Table
4. 15 Exanple 4 PTMG having a broader nol ecul ar weight distribu- tion than
‘that of the PTMG produced in Exanple 3 was produced in the foll ow ng
manner. The operation for produci ng pol yoxytetranethyl ene glycol was
effected in 20 substantially the same manner as in Exanple 3, except that
the volume of the catalyst phase in the redfdior was 60 m, the volunme of
the THE organi c phase was 360 m, and the V/IF value of THE in the reactor

was 13 hours. NéH seppewbigAtl herPoROtREde POAYREY! £ 85 20naBEBYbEAE
gl ycol , the nunmber average nol ecul ar weight 70 was 1055; the nol ecul ar

wei ght distributhad the moBecudad Wwedghenid@strabutioh ¥ acpodyousgi-ght PTMG
nol ecul es was 4.94 % by wei ght. The heteropol yacid content of the produced

poly- 5 oxyt et roserayéehelghgcallynad adnudlecthariowed wdthouRnchatvgiag i n
Exanpl e 1, thereby obtaining PTMa The heteropolyacid content of the PTMG
was 690 ppb by thei ghhbeFuatvbeaget helethiladhwaiight Wheadjofst ibyg delre
het er opol yaci d content of the pol yoxytetranethylene 10 gl ycol was anal yzed
by GPC. The resctessing thewd/Fnvalael ef4 THFxdmpltheb reactor.
The heteropolyacild (silicotungstic acid) content
of the produced polyoxytetramethylene glycol was ad-
justed in the same manner as in Example 1, thereby ob-
taining PTMG. The heteropolyacid content of the PTMG
10 was 230 ppb by weight. Further, the PTMG obtained by
adjusting the heteropolyacid content of the polyoxy-
tetramethylene glycol was analyzed by GPC. The results

are shown in Table 4.

15 Example 3
The operation for producing polyoxytetramethyiene

glycol was effected in substantially the same manner as
in Example 1, except that 80 ml of a phosphomolybdic
acid solution having a specific gravity of 1.8 was used

20 as a catalyst solution, the initial amount of THF
charged in the reactor was 340 ml, the V/F value of THF
in the reactor was 10 hours, and the feeding rate of
water was controlled so as to maintain the specific
gravity of the aqueous THF/catalyst phase in the reac-

25 tor at 1.8. In addition, the P/V value was 2.3 kW/m.



The operation for produci ng pol yoxytetranethylene 15 glycol was effected

I n substantially the sanme manner as in Exanple 3, except that 200 ml of a
phosphonol ybdi ¢ acid solution having a specific gravity of 1.8 was used
as a catalyst solution, the volune of the THE organic phase in the reactor
was 220 m, the V/F value of THE 20 in the reactor was 10 hours, and the
P/V val ue of the reactor was 2.2 kWnB. W&%h respect to the produced

pol yoxyt et ranet hyl ene glycol, the nunber average no- |ecul ar weight was

1300; the nn!ecular.%ﬁ*ﬁygegééa by- théoﬂgéa %d7p°§9gx§ggt9gﬁbgn§1ggeh|gh

nol ecul ar wei ght 25 was 3 welght” 71 Th
het eropol yaci d £ppteft efet Hﬁmeaedu%éag@l o8kt bira pRliH e R 1060l; Was

adjusted in the" sane man- ner as in Exanple 1, thereby obtaining PTMa The

het er opol yamdaeatxﬁaieeﬁlaiaewel VA A2A bRAA OB washal ofY;. dnd ey, the
PTMS obt ai ned by adjusting the et eropol yacid content of the

pol yoxyt et r anet dyh€88t 8EYR2Gh\ad1ada1bae el ghEPPTME enolessti els avas shown i n
Tabl e 4. 10 Conparative Exanple 1 A pol yoxytetranethyl ene glycol having a
broader snol ecui agswei gt wahghti,bution than that of the PTMG produced in
Exampl e 4 was produced 1n the following manner. The operation for
produci ng a pol yoxyt®héaheteropolyacid (phosphomolybdic acid) content

of the produced polyoxytetramethylene glycol was ad-
justed in the same manner as in Example 1, thereby ob-
taining PTMG. The heteropolyacid content of the PTMG
10 was 600 ppb by weight. Further, the PTMG obtained by
adjusting the heteropolyacid content of the polyoxy-
tetramethylene glycol was analyzed by GPC. The results

are shown in Table 4.

15 Example 4
PTMG having a broader molecular welight distribu-

tion than that of the PTMG produced in Example 3 was
produced in the following manner. The operation for
producing polyoxytetramethylene glycol was effected in

20 substantially the samé manner as in Example 3, except
that the volume of the catalyst phase in the reactor
was 60 ml, the volume of the THF organic phase was 360
ml, and the V/F value of THF in the reactor was 13
hours. With respect to the broduced polyoxytetra-

25 methylene glycol, the number average molecular weight



15 net hyl ene glycol was effected in substantially the sanme nmanner as in
Exanpl e 4, except that the P/V value was decreased to 1.2 kWn8. Wth
respect to the produced polyoxytetranethylene glycol, the nunber average
no- | ecul ar weight was 1295; the nol ecul ar weight distribu 20 tion was
1.85; and the content of high nol ecular weight polyoxytetranethylene

gl ycol nolecules was 4.8 % by weight. The t eropol yaci d content of the
produced poly- oxytetranethyl ene glycol was adjusted in the sane man- 25

ner as in Exampigs 11059¢ BRbemepebyaairdwesnghendieftriibatign wasullt. 8nt
pol yoxyt et ranet hyl ene gl ycol was 590 ppb by weight. Further, the

pol yoxyt et r anetawyd etite gbgaitenaf oft ki ghhmoadicundiare weightt RFMGe modesailesci d
content was analyzed by GPC. The results are shown in Table 4. 5 Exanpl es
6 to 10 and Comgpas ad i 9¢ ExbypweigdhtkE was pol ynerized using a
phosphot ungstic acid solution having a specific gravity of 2.07 as a cata-
| yst sol ution. SpeciTheahkyerppelypeidt conteat wfodbe rrodyged poly-
pol yoxyt et ranet hyl ene gl ycol was effected in sub- stantially the sane
manner a$ i n Exewptettametbyjenehglycole wasa@distashdin it saRauinat
Tables 2 and 3 were enployed. In addition, the vol une SXI of hhe liquid in
the reactor wasnedi AsailheExampdz0 Il therabe qhiafitiqg G. The
heteropolyacid content of the PTMG was 690 ppb by
weight. Further, the PTMG obtained by adjusting the
heteropolyacid content of the polyoxytetramethylene
10 glycol was analyzed by GPC. The results are shown in

Table 4.

Example 5
The operation for producing polyoxytetramethylene
15 glycol was effected in substantially the same manner as
in Example 3, except that 200 ml of a phosphomolybdic
acid solution having a specific gravity of 1.8 was used
as a catalyst solution, the volume of the THF organic
phase in the reactor was 220 ml, the V/F value of THF
20 in the reactor was 10 hours, and the P/V value of the
reactor was 2.2 kW/m’. With respect to the produced
polyoxytetramethylene glycol, the number averaée mo-
lecular weight was 1300; the molecular weight distribu-
tion was 1.7: and the content of high molecular weight

25 PTMG molecules was 3.98 % by weight.




15 rate of water was controlled so as to maintain the specific gravity of
t he aqueous THE/ catal yst phase at 2.07. In order to elucidate the

correl ation between the nolecular weight distribution and the V/F val ue of
THE 20 in the reactor, in Exanples 6 to 8, pol yoxytetra nethyl ene glycols
wer e produced under the reaction con- ditions where the P/V value was fixed
at 1.95 KWnB8. Wth respect to other react?bn conditions, the condi- tions
shown in Table 2 were enployed. The nunber aver 25 age nol ecul ar wei ghts
and the nol ecul ar Loht 4 4 LWt | Qi bie theOdHoRdMhced poly-
poIyoxytetranethyl2ﬁ£ﬂgl?gtggﬁéoig%gggéFggﬁfned 25 GPC.” The results are
shown in Tabl e h PRI R JHGHd GrAaiHe) <0m efdrs- S of
t he produced po?%%&%?g?ggkg?ﬁ%ﬁé%gqgﬁycoIs were ad- justed in the sane
manner as in Exggpl gslipt ?:l’aﬁ\BMeOti', L gH Rb¥aininhemd er opel yacid
contents of the PT C snogtalned In Exanﬁ?gg 6 to 8 were 260 ppb, 310 ppb
and 220 ppb by uekgkbpoigarde! icoptentt Wt Rale eRah wids RISEG mb ddyned by

adj usting the heteropol yacid content of the pol yoxytetranethyl ene glycol

was anal gzed byygRght.TheuteREk! S theePIRGVBbItaihaid ®y5 adjusitdny the
heteropolyacid content of the polyoxytetramethylene
glycol was analyzed by GPC. The results axre shown in

Table 4.

10 Comparative Example 1

A polyoxytetramethylene glycol having a broader
molecular weight distribution than that of the PTMG
produced in Example 4 was produced in the following
manner. The operation for producing a polyoxytetra-

15 methylene glycol was effected in substantially the same
manner as in Example 4, except that the P/V value was
decreased to 1.2 kW/ma. With respect to the produced-
polyoxytetramethylene glycol, the number average mo-
lecular weight was 1295; the molecular weight distribu-

20 tion was 1.85; and the content of high molecular weight
polyoxytetramethylene glycol molecules was 4.8 % by
weight.

The heteropolyacid content of the produced poly-
oxytetramethylene glycol was adjusted in the same man-

25 ner as in Example 1. The heteropolyacld content of the



Vol une Volunme of the Feeding of the Reaction liquid rate of Hetero- V/IF
cata condi- polyacid in the THF: (H) lyst vMnh MV Mn tions reactor: F phase
v (mM/H) (mM) (m) Phospho- Ex. 6 tungstic 420 64 6.6 180 1810 1.60 acid
Ex. 7 ditto 420 42 10 120 1800 1.69 Ex. 8 ditto 420 28 15 80 1805 1.79
Fig. 2 is a chromatogram of the PTMG produced in Exanple 6 (PTMS obtai ned
by adjusting the heteropoly- acid content of2the pol yoxytetranethyl ene
glycol) which 20 shows the nol ecul ar weight distribution of the PTMa 74
In Fig. 2, the sbse1santspeNyokye te@aiethenled @ly@oll R gTd %c Wy baei ght ;
the ordinate shows the weight % of conmponent PTMs nol ecul e, based on the
total weight ofwaightPTNustheeyl €he pollybketenirameehyileneoflykelvafti cal
straight broken Iine and the abscissa shows the |ogarithm of the nunber
aver age nol ecul serwehghadjistmenta off the hetErepqlyddioh cibent asanount

of the PTMG nol ecul es having nol ecul ar weights (10860 or nore); |og

(ol ecul ar wei gahaty4e@dbyr GRhdr.e) Thehrebudts atrel ehswwn dinx Tabdesdas | ar ge
as the nunmber average nol ecul ar weight (Mh = 1810; log Mh = 3.26) of all
PTMG nol Bcul es. The ration of the area of the hatched portion to the

Examples 6 to 10 and Comparative Example 2

THF was polymerized using a phosphotungstic acid
solution having a specific gravity of 2.07 as a cata-
lyst solution. Specifically, the operation for produc-

10 ing polyoxytetramethylene glycecl was effected in sub-
stantially the same manner as in Example i, except that
the reaction conditions shown in Tables 2 and 3 were
employed. In addition, the volume (V) of the liquid in
the reactor was maintained at 420 ml and the feeding

15 rate of water was controlled so as to maintain the
specific gravity of the agqueous THF/catalyst phase at
2.07.

In order to elucidate the correlation between the
molecular welght diétribution and the V/F value of THF

20 in the reactor, in Examples 6 to 8, polyoxytetra-
methylene glycols were produéed under the reaction con-
ditions where the P/V value was fixed at 1.95 kW/m3.
With respect to other reaction conditions, the condi-
tions shown in Table 2 were employed. The number aver-

25 age molecular weights and the molecular weight dis-
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phase were fixed at 9 hours and 133.3 m,

‘respectively. Wth respect to

'n" the

the conditions shown in Table 3 were enpl oyed.

‘{/cpoq]g[?ﬁtteé% erm neﬂ%je}

&7 Wext, GRkR ef %faopo | 0 A 2BLaet Whe miadead polv-

bution
results

rid NEd1a ¥ Nontents

ng the heteropol yacid

E*l%q{ﬁ’éé&é:ﬁeﬁi FLAO WL yEoTabkErs. aaTabl e
e

Reaction liquid the liquid condi
Hetero- in the iyusithRl B the 4 lNNSE| & F BRCERAMpI1&aL] Ofhet &Y Mdb-

taining PTMG's.

The heteropolyacid contents of the

PTMG's obtained in Examples 6 to 8 were 260 ppb, 310

prb and 220 ppb by weight, respectively.

Further,

each

PTMG obtained by adjusting the heteropolyacid content

of the polyoxytetramethylene glycol was analyzed by GPC.

The results are shown in Table 5.

Table 2
Volume
of the Feeding gglgﬁg
Reociion |metero- |1A0Nd |Tate of | /e | cate- |
tions polyacid reactor: f (Hr) 1§8t Mn Mw/Mn
V| (ml/Hr) ey
(ml) :
Phospho-
Ex. 6 tungstic 420 64 6.6 180 1810 1.60
acid
Bx. 7 ditte 420 42 1¢ 120 1800 1.69
Ex., 8 ditto 420 28 15 80 1805 1.79

Fig. 2 is a chromatogram of the PTMG produced in

Example 6 (PTMG obtained by adjusting the heteropoly-

acid content of the polyoxytetramethylene glycol) which

shows the molecular weight distribution of the PTMG.




v P (mM) (mMN Conmp. Phosspho Ex 2 tun stic 420 462 1.1 1800 1.91 acid
Ex. 9 ditto 420 756 1.8 1800 1.71 Ex. 10 ditto 420 1092 2.6 1805 1.62 15
The followi ng fornulae (5) and (6) shoxpii ng the correla tion between the
nol ecul ar wei ght distribution (Mv M) 4nd the retention tine (VIF) of THE
and the notive power (P/V) applied to the liquid per unit volune of the
react or vvere obtained fromthe results shown in Ta 76 bles 2 and 3. Mv M

oper a1 IhFo 2 e enien aﬁmwwlaaaﬁmﬂ fh g st BB e

substantlally the sane manner as in Exa except that 180 nl of a
phosphoshaystthe weijghti%sef cempaneat, PRYG r@@leéulﬁ; bagamnttpedptaj verighief alb
used as a catal yst solution, the feeding rate of THE was 100 nmi/hour, the

V/ P val MIMG midiedules; hend MﬁMBrsemienmftheoueﬂipat btraight/ bryokare lineé arick the
reactor was 2.1 kWnB, and the volume of the THE organic phase was 240
m . Wt hbs6isgsehoe thBdogaMmrt of tHohM@ber everig Moledifar weight. The area of
a hatched portion shows the amount of the PTMG molecules having molecular
weights (10860 or more); log (molecular weight = 4.04 or more), which are at least
six times as large as the number average molecular weight (Mn = 1810; log Mn =
3.26) of all PTMG molecules. The ration of the area of the hatched portion to the

total area of the peak is 2.29%.

Next, in order to elucidate the correlation between the molecular weight
distribution and the P/V value applied to the liquid in the reactor, in Comparative
Example 2 and Examples 9 and 10, polyoxytetramethylene glycols were produced
under the reaction conditions in which the V/F value and the volume of the catalyst
phase were fixed at 9 hours and 133.3 ml, respecﬁve!y. With respect to other
reaction conditions, the conditions shown in Table 3 were employed. The number
average molecular weight and the molecular weight distribution of the produced

polyoxytetramethylene glycols were determined. The results are



15 gl ycol,
wei ght distribution was 1.68; and the

t he nol ecul ar
content of high nol ecul ar wei ght
PTMG nol ecul es was 4.35 % by weight. Further, the heteropol yacid content
of the pro- 20 duced pol yoxytetranet hyl ene glycol was adjusted in the sane
manner as in Exanple 1, thereby obtaining PTMa The heteropol yacid content
of the PTMG was 590 ppb by weight. Furt her?’5the PTMG obt ai ned by adjusting
the heteropolyacid content of the pol yoxytetramnethyl ene 25 glycol was

anal yzed by GPGehdde 1fiswhbieane shown in 77 Table 5. The viscosity of
PTMG produced in each of Exanples 1 to 11 and Conparative Exanples 1 and 2
was determned 5 byThetlipeevbpodrecdd coatentise oforthiet ipoesiuned ipodad in
item (2) above. The viscosities of the PTMGs are shown in Tables 4 and 5
toget her wi th obketethamethgilenesiglysolsd wekzblad usbed |irEthdsan®. Ex.
Comp. 12 3 45 1Ex. 1 Silicotung- phosphonol ybdic acid Catalyst stic
acid Specific gnamhey af tine Exampdel 1. SThegshétervpglyacid contents of

t he nunber average nol ecul ar wei ght was 852;

5 the resultant polyoxytetramethylene glycols produced in
Comparative Example 2 and Examples 9 and 10 were 330
ppb, 280 ppb and 270 ppb by weight, respectively. Fur-

ther, the polyoxytetramethylene glycols obtained after

adjusting the heteropolyacid contents were analyzed by

10 GPC. The results are shown in Table 5.
Table 3
Volume Motive power
of the applied to
liquid the liquid
léz:giion Hetero-~ in the in the P/Va Mo Mw/Mn
polyacid | reactor: | reactor: (kW/m’)
tions v P
{ml) {(mW)
Phospho-
o, tungstic 420 462 1.1 | 1800/ 1.91
’ * acid -
Ex. 9 ditto 420 756 1.8 1800} 1.71
Ex. 10 ditto 420 1092 2.6 1805 | 1.62
15 The following formulae (5) and (6) showing the correla-

tion between the molecular weight distribution (Mw/Mn)
and the retention time (V/F) of THF and the motive
power (P/V) applied to the liquid per unit volume of

the reactor were obtailned from the results shown in Ta-



catal yst solution Volunme of the liquid in 420 420 420 420 420 420 the
reactor: V (m) Volune of the catalyst 110 160 80 60 200 200 phase (nl)
Vol une of the THE organic 310 260 340 360 220 220 phase (m) Reaction
tenperature 60 60 60 60 60 60 (' C) Feeding rate of THF: F 28 42 42 32.3
42 42 (mM/H) VIF (H) 15 10 10 13 10 10 P/V (kWnB) 2 2 2.3 2.3 2.2 1.2
Mh 1940 1940 1060 1055 1300 1295 Before adjust- MM Wn 1.8 1.65 1.7 1.8 1.7

1.85 nment of Content of hetero- high nolecular polyacid weight PTM5 4.1

2.98 4.35 4.94-§;§? f.%pdcgntent mol ecul es*' (8 by weight) Heteropolyacid
(ppb by weight) ef VI'scosity (cP) 836 725 content 300 230 *4.953. 80

adj ust- M 1960 1950Mw/Mn - 1.24 x (V/F)o'lu (5)

-0.210
Mw/Mn = 1.95 x (p/v) %%

(6)
5 Example 11
The operation for preducing polyoxytetramethylene

glycol was effected in substantially the same manner as
in Example 2, except that 180 ml of a phosphotungstic
acid solution having a specific gravity of 1.80 was

10 used.as a catalyst solution, the feeding rate of THF
was 100 ml/hour, the V/F value of THF in the reactor
was 4.2 hours, the P/V value of the reactor was 2.1
XW/m?, and the volume of the THF organic phase was 240
ml. With respect to the produced polyoxytetramethylene

15 glycol, the number average molecular weight was 852;
the molecular ﬁeight distribution was 1.68; and the
content of high molecular weight PTMG molecules was
4.35 % by weight.

Further, the heteropolyacid content of the pro-

20 duced polyoxytetramethylene glycol was adjusted in the
same manner as in Example 1, thereby obtaining PTMG.
The heteropolyacid content of the PTMG was 590 ppb by
weight. Further, the PTMG obtained by adjusting the
heteropolyacid content of the polyoxytetramethylene

25 glycol was analyzed by GPC. The results are shown in



ment of hetero- polyacid MV Mh 1.79 1.65 content Content of high

nol ecul ar wei ght PTM5G 4.0 2.90 nol ecul es*' by weight) Hi gh nol ecul ar

wei ght PTMG nol ecul es are defined as PTMG npo- | ecul es havi ng nol ecul ar

wei ghts which are at least six tines as |large as the nunber average

nol ecul ar weight of all PTM5 noleculkes. 79 Table 5 Ex. Ex. Ex. Conp. Ex.
Ex. Ex. 6 7 8 |Ex. 2 9 10 11 Catalyst Phdsphotungstic acid Specific
gravity of the 2.07 2.07 2.07 2.07 2.07 2.07 1.80 catalyst solution Vol une
of the liquid gg34§% 320 420 420 420 420 420 the reactor: V (m) Vol unme of
the catalyst 1 H. 0 133:3 133.3 133.3 180 phase (m) Volune of the THE
240 300 340 286.7 286.7 286.7 240 organic phase (m ) Reaction tenperature
60 60 60 60 60 60 60

The viscosity of PTMG produced in each of Examples

1 to 11 and Comparative Examples 1 and 2 was determined

5 by E-type viscometer under the conditions mentioned in
item (2) above. The viscosities of the PTMG's are

shown in Tables 4 and 5 together with other character-

istics.



( © Feeding rate of THF: F 64 42 28 28 46.7 46.7 100 (m/Hr)
6.5625 10 15 9 9 9 4.2 P/V (kWnB) 1.95 1.951.95 1.1 1.8 2.6
1800 1805 1800 1800 1805 852 Before adjust-
1.62 1.68 nent of Content of hetero- high nol ecular polyacid weight PTMG
2.29 3.05 3.89 4.73 3.24 2.89 4.35 content nol ecul es*) (% by wei ght)

Her opol yacid content 270 310 220 330 280 2 590 (ppb by weight) After
Viscosity (cP) 638 698 761 838 695 638 242 adjust nmelt of Mh 1800 1810
1820 1800 1795 1820 856 hetero- MM MWn 1.6 1.68 1.78 1.90 1.7 1.60 1.66

pol yacid content Content of high nol ectliedlendi ght PTMG 2.28 3.00 3.80 4.81
3.19 2.70 4.45 nol ecul es*' (8 by weight)

VIF (Hr)
2.1 M 1810
MV M 1.6 1.69 1.79 1.91 1.71

Ex. Ex. Ex. Ex. Ex. Comp.
1 2 3 1 s |Ex. 1
Silicotung-
Catalyst tic acidg Phosphomolybdic acid
Specific gravity of the 2.1 2.1 1.8 1.8 1.8 1.8
catalyst solution
¥§i“$Za2§o§?evl?§§§d in 420 | 420 | 420 | a20 | 420 | 420
Vﬁigge(;i)the catalyst 110 | 160 | 8o 60 | 200 | 200
p ~ |
Vﬁ;:getgi}the THF organic | 435 | 260 | 340 | 360 | 220 | 220
P
??g?tion temperature 60 60 60 60 60 60
f°§?§n§ rate of THF: F 28 42 42 | 32.3 | 42 42
m Ir
V/F (Hr) 15 10 10 13 10 10
B/V (xW/m®) 2 2 2.3 2.3 2.2 1.2
Mn 1940 | 1940 | 1060 | 1055 | 1300 | 1295
23?3;:- Mw/Mn 1.8 | 1.65 | 1.7 | 1.8 | 1.7 | 1.85
ﬂ:ﬂ:rzf Content of
high molecular
polyacid welght PTMG 4.1 | 2.98 | 4.35 | 4.94 | 3.98 | 4.8
co molecules®’
{% by welight)
Heteropolyacid
conteny 300 | 230 | 600 | 690 | 4s0 | 590
(ppb by weight)
Aft viscosity (cP) | 836 | 725 | 332 | 356 | 451 | 510
er
adjust-  |un 1960 | 1950 | 1076 | 1060 | 1310 | 1300
men Q
gz;;:z;d Mw/Mn 1.70 | 1.65 | 1.7 | 1.8 | 1.68 | 1.85
content Content of
high molecular
weight PTMG 4.0 | 2.90 | 4.36 | 4.95 | 3.80 | 4.85
molecules*’
{%¥ by weight)

*+) High molecular weight PTMG molecules are defined as PTMG mo-
legules having molecular weights which are at least six times
as large as the number average molecular weight of all PTMG
molecules,




*) Hi gh nol ecul ar wei ght PTMG nol ecul es are defined as PTMS nol ecul es
havi ng nol ecul ar wei ghts which are at least six tines as |large as the
nunber average nol ecul ar weight of all PTMG nol ecul es. 80 Exanple 12 Using
the reaction conditions of Exanple 6. a polynerization operation was
continuously perfornmed for 50 hours, thereby obtaining 1.25 kg of a

pol yoxytetra 5 net hyl ene glycol concentrate’?n which a THE concentra- tion
has been adjusted to 45 to 50 % by wei ght. The pol yoxytetranethyl ene

gl ycol concentrate was subjected to vacu distillation in a vacuum

distillation vessel at 60 C under a re pr’ressure of not nore than 1 10
Torr to di,stidll—off | ow-boillj Rg oi-nt—substances—{suek HEY - :hﬂ,"reby
obt ai ni ng |pol yoxyt et r amet hyl ene %@B& togxt hd St ailnglyl

pol yoxyt et | ok ya Wt

weT gt v =

canethylone gl col
1810; the | cwhegsd ar wei ght distfibution wasxzasp&bttmyétwacmntent 15 of

hi gh nol ec ptetrarethyl-ere—ghyept—mpleettqs—th

mol ecul es h,i\éh[lgs E ar welgh i 2e@%t| 2 %7 t|i Ae¥? 4t-Plnge

as the nu [ el J,anet [yl &n T‘g%col
0

nmol ecul es) MSreaca@r%\by(mml ght . t hyl gne gl vic

subj ected |t leﬂe(ffglthevﬁmlbﬂéra- id0Nnk 1001 agh uFiing t s .ggnizEnt joisd He
resi dual h - ' t-
olume the

. - 286.7 | 240
organic phase (ml) 240 300 340 | 286.7 | 286.7
Reaction temperature

{*c) 60 60 60 60 60 60 60
oy iy rate of THF: ¥ 64 | 42 | 28 | 28 | 46.7 | 46.7 | 100
V/F (Hr) 6.5625 | 10 15 9 9 9 4.2
P/V (kW/m®) 1.95 1.95]1.95| 1.1 1.8 2.6 2.1
Mn 1810 1800 | 1805 1800 1800 1805 852
Before
adjust- | Mw/Mn 1.6 1.69 | .79 l.91 1.71 l1.62 1.68
g:z:rgf Content of
polyacid high molecular
content | Wweight PTMG 2.29 | 3.05}3.89| 4.73 | 3.24 | 2.89 |4.35
molecules®!
(% by weight)
Heropolyacid
content 270 310 220 330 280 270 599

{ppb by weight)

Viscosity (cP) 638 698 761 838 695 638 242

After
;gg:sgg Mn 1800 1 1810 { 1820 | 1800 1795 1820 B56
h -
piggggid Mw/Mn : 1.6 1.68 | 1.78 1.90 1.7 1.60 1.66
content Content of
high molecular
welght PTMG 2.28 3.00 ] 3.80 4,81 3.19 2.70 4.45
moleculesg*’

(% by weight)

#} High molecular weight PTMG molecules are defined as PTMG molecules
having molecular weights which are at least six times as large as
the number average molecular weight of all PTMG molecules.




To 550 g of the polyoxytetranethylene glycol were added 400 g of THF, 2 g
of water and 1500 g of n-octane, 25 and the resultant m xture was stirred
vigorously for 10 81 mnutes at roomtenperature. Subsequently, the

m xture was allowed to stand still for 1 hour to thereby separate the

m xture into a | ower catal yst phase contai ning phosphotungstic acid and
upper organic phases. After elimnating thesdowernost catalyst phase, the
organi ¢ phases (containi ng pol yoxytetranethyl ene glycol, THF, water and

n- oct ane) were gxamsieriged to a vessel and 80 g of the activated carbon
was added thereto, ?o[lomed by stirring at 40 C for 15 m nutes. The

activated carbon wagsifgO¥RE Peabtlibhaconditiong afnExample f6i,| teer,
t her eby obtaining 2420 g of a solution containing 530 g of

pol yoxyt et r anetpylgmergknecoon 3peratdonl WasarbntShopsly perdximres fox f
the amount (i.e. 1210 g) of the obtained solution was heated in an oi

bat h mai nt ai neds@thd@fsC thetrebyelbp tdiistind 1of¥5 keparft afpoliyoxyietiared in
the solution. Next, the solution was allowed to stand still to thereby

separ at e5t he sanethphenet glyool mionsentoateelin alpetly @(THRE eoreentede
gl ycol phase and an n-octane phase, and the upper n-octane phase was
el i m nated. Thetienahasnipeeovadinsdiedta etd &metH ety HeAHt phdde was

subjected to distillation at 60 C under 1 Torr. The lowboilin oj n
subst ance (suchPaiYPKRtetdameddrydane \k¥cQl seongenteite W%Ft*ﬁﬁ@%@t% tain
256 g of PTMa 82 Wth rgspect to the obtained PTI t he nunber avseiage
mol ecul ar wei ghtowdacyygo digtd datdan a4n i aruwy; st hllatioRa¥e95%! and
the content of high mol ecul ar weight PTMS nol ecul es (the nolegﬂhf%_having
nol ecul ar at 60 °C under a reduced pressure of not more t

10 Torr to distill off low-boiling point substances (such
as THF), thereby obtaining polyoxytetramethylene glycol.
With respect to the obtained polyoxytetramethylene gly-
col, the number average molecular weight was 1810; the
molecular weight distribution was 1.6; and the content

15 ‘'of high molecular weight polyoxytetramethylene glycol
molecules (the molecules having molecular weights which
are at least six times as large as the number average
molecular weight of all polyoxytetramethylene glycol
molecules) was 2.29 % by weight. The polyoxytetra-

20 methylene glycol was subjected to the following opera-
tions for adjusting the content of the residual hetero-
polyacid catalyst.

To 550 g of the polyoxytetramethylene glycol were
added 400 g of THF, 2 g of water and 1500 g of n-octane,

25 and the resultant mixture was stirred vigorously for 10



5 weights which are at least six tines as |arge as the nunber average

nol ecul ar wei ght of all PTMG nol ecul es) was 2.28 % by wei ght. The

het er opol yacid content of the PTM5G was 270 ppb. 10 Exanple 13 Using the
reaction conditions of Exanple 11, a &l ynerization operation was
continuously performed for 150 hours, thereby obtaining 1.2 kg of

pol yoxytetra- nethylene glycol concentrate in which a THE concentra 15 tion

has been adjusted to 45 to 50 % The pol yoxy- tetramethylene glycol .
concent mnu{aﬁagt e demperatyre, Subsaguently; the mixtyre W?Sazh%%g? (ﬁ?@?q Stillt i on

vessel at 60 C under a reduced pressure of not nore than 1 Torr to, .
distill fof i howr trothereby separateuthet anikture intaoh lewersatalyst(phaser epitaining
obt ai ni ng pol yoxyt etranet hyl ene glycol. Wth respect to the obtained

pol yoxy ok pABIURYLEE acid Ymal ugpéheargambqﬁhasesr dfterneliminating thei tpwermost 852;
the nmo- | ecul ar wei ght distribution was 1.68; and the content of high

nol ecul 140 I aﬁﬁé Aist hé ¢ TEIF, es

havi ng ?T%'F%I éﬁa%itéﬁ&fbé\hl{% %QQ gdrbg‘tﬂb N@gggli 52*?[)%{% melgﬂgs Itggge as the

nunber average, mol egcul ar i I

nol ecul é’!ﬁeie(mggdzﬂ'?g{e oehyv%mﬁﬁﬂ{g&e%qh& 8?%%%%’{32"?9 o{rrlp)éént(a Bg»f&tbﬂgéa.rbon

pol yoxyt\l\(faatsr gdgedn?ﬁer}gtlo? tgallo%\lleydcgglf s)tli\?rﬁ'lgaac\jtl ﬁ 1’8 ?orI 15 %ﬁutsé%% hé activated cadrbon
was removed by filtration using a membrane filter, thereby obtaining 2420 g of a

solution containing 530 g of polyoxytetramethylene glycol, 390 g of THF and 1500 g

of n-octane.

Half the amount (i.e. 1210 g) of the obtained solution was heated in an oil
bath maintained at 100 °C to theréby distill off a part of THF contained in the solution.
Next, the solution was allowed to stand still to thereby separate the solution into two
phases, namely a polyoxytetramethylene glycol phase and an n-octane phase, and
the upper n-odtane phase was eliminated. The remaining lower
polyoxytetramethylene glycol phase was subjected to distillation at 60 °C under 1
Torr. The low-boiling point substance (such as THF and n-octane) were distilled off

to thereby obtain 256 g of PTMG.



Exanpl e 12, thereby obtaining PTMG Wth respect to the obtained PTMG the
nunber av- erage nol ecul ar wei ght was 856; the nol ecul ar wei ght
distribution was 1.66; and the content of high nolecu 10 | ar wei ght PTMG
havi ng nol ecul ar weights which are at least six tines as |large as the
nunber average nol ecu- |ar weight was 4.45 % by wei ght. The heteropol yaci d
content of PTMG was 590 ppb. 15 (Heat resi $ance test of PTM3 Test
Exanples 1 to 11 Various sanpl e pol yoxytetranet hyl ene gl ycols hav- ing

di fferent nunber avefage FELEEM 3o WehehbbtalBe@CPTMEAr thei ghnber av-
distributions, different contents of high 20 nol ecul ar wei ght PTMG

mol ecul es’ (t he JEYfS UhSPeb@YaPOwe FBheCHhar 1800ghthevimbdecularawelghst six
times as large as the nunber average nol ecul ar wei ght of all PTMG

nol ecul es), andygid#Epepiohekas0n06yYaand thet eohientieod highi aele@ularTGA
anal ysi s under nitrogen atnosphere, to 25 thereby determ ne the

t'enperatures atyadgleh PMRGVWAbIBEa184 (ahesaopecujeisydapisd aedEspléte
glycols were reduced by 5 % (i.e., 5w %reduction tenperature). The
results sof theydi#hesakhisth are sitoleast Fil &igeso®s HATIR 3F ke
viscosity of sanple pol yoxytetranethyl ene glycols.

5 Sampl e
pol yoxyt et r anetimghear ghgrageumed eculpas weigbdnsife ﬂﬂ-]wé’ﬁfﬁl' MEIRBHRSd i n
Exanpl e 13 and sanpl e
was 2.28 % by weight. The heteropolyacid content of

the PTMG was 270 ppb.

10 Example 13

Using the reaction conditions of Example 11, a
polymerization operation was continuously performed for
150 hours, thereby obtaining 1.2 kg of polyoxytetra-
methylene glycol concentrate in which a THF concentra-
15 tion has been adjusted to 45 to 50 %. The polyoxy-
tetraméthylene glycol concentrate was subjected to vac-
vum distillation in a vacuum distillation vessel at 60
°c under a reduced pressure of not more than 1 Torrx to
distill off low-boiling point substances (such as THF),
20 thereby obtaining polyoxytetramethylene glycol. With
respect to the obtained polyoxytetramethylene glycol,
the number average molecular weight was 852; the mo-
lecular weight distribution was 1.68; and the content
of high molecular weight polyoxytetramethylene glycol

25 molecules (the molecules having mplecular weights which




pol yoxyt et ranet hyl ene gl ycol used in Test Exanple 2 was PTMG produced in
Exanpl e 12. Sanpl e pol yoxytetra- nethyl ene glycols used in Test Exanples 3
and 4 were 10 manufactured and sold by BASF AG Cernmany; sanple poly-

oxyt etranet hyl ene glycols used in Test Exanples 5 and 6 were manufactured
and sold by Du Pont, USA;, sanple polyoxytetranethylene glycols used in
Test Exanples 7 to 9 were manufactured and3ol d by Hodogaya Chem cal 15
Co., Ltd., Japan; and sanpl e pol yoxytetranethyl ene gly- cols used in Test

Exanpl es 10 andyydd AerEedBbusast viMds agdlaeye B¥ Whesnbmbbr Greragel
Corporation, Japan. 85 Y 7 M0%N ma.y vin,; oC7/ 20 E~" 1 N.NL NH

ml h moO -1 odredhdhH Rdidhe dBEMa187paly¥xytetaideihilemeEg@yc0IN r. O
InM E~0 "'~ NmhH%»HN N :
molecules) was 4.35 % by weight.

The heteropolyacid content of the polyoxytetra-

5 methylene glycol was adjusted in the same manner as in
Example 12, thereby obtaining PTMG.

With respect to the obtained PTMG, the number av-
erage molecular weight was 856; the molecular weight
distribution was 1.66; and the content of high molecu-

10 lﬁr weight PTMG having molecular weights which are at
least six times as large as the number average molecu-
lar weight was 4.45 % by weight. The heteropolyacid

content of PTMG was 590 ppb.

15 (Heat resistance test of PTMG)
Test Examples 1 to 11
Various sample polyoxytetramethylene glycols hav-
ing different number average molecular weights, molecu-
lar weight distributions, different contents of high
20 molecular weight PTMG molecules (the molecules having
molecular welghts which are at least six times as large
as the number average molecular weight of all PTMG
molecules), and different heteropolyacid contents, were
subjected to TGA analysis under nitrogen atmosphere, to

25 thereby determine the temperatures at which the weights



MmN com 4 cot, mEaCDat r ~, hwN Eco'~rl1 N a a-
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'~'~ WO01 .i 1n

84

10

15

of sample polyoxytetramethylene glycols were reduced by
5 % (l1.e., 5 wt % reduction temperature). The results
of the TGA analysis are shown in Table 6 together with
the viscosity of sample polyoxytetramethylene glycols.
Sample polyoxytetramethylene glycol used in Test
Example 1 was PTMG produced in Example 13 and sample
polyvoxytetramethylene glycol used in Test Example 2 was
PTMG produced in Example 12. Sample polyoxytetra-
methylene glycols used in Test Examples 3 and 4 were
manufactured and sold by BASF AG, Germany; sample poly-
oxytetramethylene glycols used in Test Examples 5 and 6
were manufactured and sold by Du Pont, USA; sample
polyoxytetramethylene glycols used in Test Examples 7
to 9 were manufactured and sold by Hodogaya Chemical
Co., Ltd., Japan; and sample polyoxytetramethylene gly-
cols used in Test Examples 10 and 11 were manufactured

and sold by Mitsubishi Chemical Cbrporation. Japan.
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4) 86 As apparent from Table 6 above, the PTM5G s of the present invention
(Test Exanples 1 and 2) which have not onl86 a nol ecul ar wei ght
distribution of 1.8 or less and a content of high nol ecul ar wei ght PTMG

nol ecul es 5 (PTMG noAgcahgarBaYi ReoiDrEBYLaE WBoYRLS thal PiMere df thRAast
six times as large as the nunber average nol ecu- |ar weight of all PTMG

nol ecul es) of Zptesento biveaitdbh, (Test Exampl ezeliew@@ol2)agnd oL of
from10 to 900 ppb by weight, exhibit higher heat resistance than the con

10 ventional pahybxghiiyr anmbigcatargvedeht ddedributdsin ofxane e Adsx 11
whi ch do not satisfy all of the char- acteristics required for the present

I nvention. Testamdaapteatédtt oflhith moleeudarpiweighity RETMG modretdddsne

gl ycol s having different nunber average nol ecul ar wei ghts, different

mol ecul &% wei ghtPTHEt mphetides, hdviihgr ewllecmlipantweights which are at
least six times as large as the number average molecu-
lar weight of all PTMG molecules) of 2 to 5 % by weight,
but also a heteropolyacid content of from 10 to 900 ppb
by weight, exhibit higher heat resistance than the con-

10 ventional polyoxytetramethylene glycols used in Test

Examples 3 to 11 which do not satisfy all of the char-

acteristics required for the present invention.

Test Examples 12 to 14

15 Three sample polyoxytetramethylene glycols having
different number average molecular weights, different
molecular weight distributions, different contents of
high molecular weight PTMG molecules and different het-
ercpolyacid contents were subjected to heat resistance

ZQ test at 120 °C.

Each of sample polyoxytetramethylene glycols shown
in Table 7 was tested as follows. 60 g of a polyoxy-
tetramethylene glycol was placed in an autoclave

equipped with a pressure gauge. After replacing air

25 inside the autoclave with nitrogen gas, the autoclave



hi gh nol ecul ar wei ght PTMG nol ecul es and different het- eropolyacid
contents were subjected to heat resistance 20 test at 120 C. Each of
sanpl e pol yoxytetranet hyl ene glycols showmn in Table 7 was tested as
follows. 60 g of a polyoxy- tetranethyl ene glycol was placed in an

autocl ave equipped with a pressure gauge. After replacing air 25 inside
the autoclave with nitrogen gas, the autocl®dve 87 was pl aced in an oi

bath maintained at 120 C for 13 hours. Then, the pressure inside the

aut ocl ave was oeas tElaced@dibyancafiinhathempiatainedgatge20The€ &otrodBave
was cooled to roomtenperature. Deterioration of sam5 ple

pol yoxyt et r anethotieme Jhen) tiie presmubeainside sthe sambo¢kave vwas ddeect ed
by evaluating its chromaticity, appearance (i.e., evaluation wth naked
eye), and the ‘trmhinedvbyaygeadibhgcther pwesghreagangesurBhie bguBpElavahe
results are shown in Table 7. 10 88 Table 7 Test Exanple Test Exanple Test
Exanpl e 12 13 was qpoledotespoomosemprmatnre.ciDatepiarabiiomonf epdmof hi gh

5 ple polyoxytetramethylene glycol after the heat resis-
tance test was detected by evaluating its chromaticity,
‘appearance (i.e., evaluatlion with naked eye), and the
number average molecular weight as measured by GPC.
The results are shown in Table 7.

10




nmol ecul ar weight 2,28 2.28 8.32 PTMamwl ecul es (8 by wei ght)

Het eropol yacid content 270 2880 200 (ppb by weight) Results of heat

resi stance test Internal pressure (kg/cmG 0.22 0.32 0.30 Chromaticity
(APHA) <10 30 20 Bl ack sub Evaluation with No change stances were No
change naked eye floating in the PTM5 Mh after the heat 1760 1700 1820
resistance test 5 From Table 7 it is under$8ood that, in Test Exam ple 12
whi ch used the PTMG produced in Exanple 6, both the increase in the inner
pressure and the change in the nunber akgnagg nol ecul ar wei ght of the PTMG
after the heat resistance test were small because only a 10 small anount

of | ow boiling pot - f

e—gef—eratret—by—the—deconposttiom of
the PTMG The re¢sults of Test Exerﬁ?f*g Eif?“‘%% axEB|

Pf‘a@‘ﬂ‘?leo &ps @W@sﬁu ts of

Mn ) 1800 1800 1930

Mw/Mn 1.60 1.60 1.74

Content of high
molecular weight .
PTMG molecules 2.28 2.28 8.32
{% by welght)

Héteropolyacid
content 270 2880 200
(ppb by weight)

Results of heat
resistance test

Internal pressure 7
(kg/cmz.G) 0-22 ] 0-32 0-30

Chronaticity

(APHA) <10 30 20
Black sub-

Evaluation with stances were

naked eye No change floating in No change
the PTMG

Mn after the heat

resistance test 1760 1700 1820

5 From Table 7 it is understood that, in Test Exam-

ple 12 which used the PTMG produced in Example 6, both
the increase in the inner pressure and the change in
the number average molecular weight of the PTMG after
the heat resistance test were small because only a

10 . small amount of low-boiling point substances were gen-
eratedrby the decomposition of the PTMG. The results

of Test Example 12 are excellent over the results of



89 Test Exanple 13 (which used a pol yoxytetranet hyl ene glycol having a
het er opol yacid content of nore than 900 ppb by weight) and Test Exanple 14
(whi ch used a pol y- oxytetramnet hyl ene gl ycol having a content of high no 5
| ecul ar wei ght PTMG nol ecul es of nore than 5 % by weight). 90 | NDUSTRI AL
APPLI CABI LI TY The pol yoxytetranet hyl ene glycol (PTM35 of the present

i nvention, which has a nunber average nol ed@f ar weight of from 500 to
3000, a nol ecul ar weight distri 5 bution (Mv Mn) of 1.8 or |less, a content
of high no- | ecrasit BRagple PTING(Whlichuheedoh poliozyte trathethylwneght ,
wherein the high nol ecul ar wei ght PTMS nol ecu- | es are defined as PTMG

nol ecul es havi nglyebdEchbaingWai Betarvipollyatrid onteatt ofi morenthaas 904r ge
as the 10 nunber -average nol ecul ar weight of all PTMG nol ecules, and a

het er opol yaci d ppintent welght)mahd TesI0Exariplley 14wdwihtiich esleidia paliypr oved
properties with respect to heat resistance and | ow viscosity. By virtue of
t hese i nprovedoxybptramethyheneoglycodn headagasicondendf afhdigh mOMG
during the storage be suppressed, but also occur- rence of the thernal
deconpos?ti on dletalarhwepohy- PRMG maliesuliesy qf owade tpamms BTWMI can be

suppressed. Therefore, the PTMs of the present invention can be ad-
. weight).



vant ageously used for producing a high performance 20 elastic fiber, such
as a polyurethane urea elastic fi- ber having excellent physical and
chem cal properties, a polyurethane elastic fiber and a pol yester elastic
fiber. 91 CLAIMS 1. A polyoxytetramnethyl ene glycol (PTM5 having the
follow ng characteristics: 5 (1) a nunber average nol ecul ar weight of from
500 to 3000; (2) a nolecular weight distri%ution of 1.8 or less in terms
of the MV Wh ratio, wherein Mv.represents the weight average nol ecul ar
wei ght of PTMG and M repre 10 EDUSTHINL MPERICANVELEDE nol ecul ar wei ght of
PTM5 (3) a content of high nolecular weight PTMG nb- |ecules of from2 to
5 % by wei ght, basedl'ma pbkybryaétrameghiyyleheagllyEoMG(PEME]UbES theher ei n
said high nolecu- |ar weight PTMG nol ecul es are defined as PTMG nol ecul es
15 havi ng nol eettesenki ghtentiionh whdcht hasast nambelri Bverage mlgeudart he
nunber average nol ecul ar wei ght of all PTMG nol ecules; and (4) a
het er opol yaci d walghkht obf £Lomn500 to 3000pplh moyewuilgint wed@ht dilsdri-
pol yoxyt et ranet hyl ene gl ycol according to

5 bution (Mw/Mn) of 1.8 or less, a content of high mo-

lecular weight PTMG molecules of from 2 to 5 % by
weight, wherein the high molecular weight PTMG molecu-
les are defined as PTMG molecules having molecular
weights which are at least six times as large as the

10 number average molecular weight of all PTMG molecules,
and a heteropolyacid content of from-lo to 200 ppb by
'weight, exhibits improved properties with respect to
heat resi#tance and low viscosity. By virtue of these
improved properties, not only can decomposition of the

15 PTMG during the storage be suppressed, but also occur-
rence of the thermal decomposition during the poly-
merization for producing.the PTMG can be suppressed.
Therefore, the PTMG of the present invention can be ad-
vantageously used for producing a high performance

20 elastic fiber, such as a polyurethane urea elastic fi—
ber having excellent physical and chemical properties,

a polyurethane elastic fiber and a polyester elastic
fiber.



claim1l1, which has a nol ecul ar weight distribution of 1.7 or less. 25 3.
The pol yoxytetramet hyl ene glycol according to 92 <claim1l, which has a
content of high nol ecular weight PTMG nolecules of 2.0 to 3.5 % by wei ght,
based on the total weight of all PTMS nol ecules. 5 4. The

pol yoxyt et ranet hyl ene gl ycol according to claim1l, which has a

het er opol yacid content of 30 to 800 ppb byYMeight. 5. A nethod for
produci ng the pol yoxytetramethylene 10 glycol (PTM5 of claim 1, which
conprises subjecting tetrahydrofuran tocgapagynerization reaction in a
con- tinuous polynerization reactor with a Stirrer in the presence of a
het eropol yacid catal yst, while feeding tetrahydrofuran to the continuous
pol ymeri zation reac- 15 tor, said polynerization reaction being
continuously perforaefolpokiteeriamettglehneVgi§ico®THG) havdndpitdle S
present in an anmount sufficient to forma tetrahy- drofuran organic phase
and an aqueous fellohyngotHaZactericatiasyst phase which.conprises a
solution of the heteropolyacid catalyst in a tetrahydrofuran/ water m x-
ture anddwhi ch has a{ 3peai humbgraaveyage modlaclilax weizyht, ofhiffrem 500

mai ntaining a V/F value at 0.5 to 20 hours where-
to 3000;

(2) a molecular weight distribution of 1.8 or less
in terms of the Mw/Mn ratio, wherein Mw represents the
weight average molecular weight of PTMG and Mn repre-

10 sents the number average molecular weight of PTMG;

(3) a content of high molecuiar weight PTMG mo-
lecules of from 2 to 5 % by weight, based on the total
weight of all PTMG molecules, wherein said high molecu-
lar weight PTMG molecules are defined as PTMG molecules

15 having molecular weights which are at least six times

as large as the number average molecular weight of all

PTMG molecules; and

(4) a heteropolyacid content of from 10 to 900 ppb
by weight.
20

2. The polyoxytetramethylene glycol according to
claim 1, which has a molecular weight distribution of

1.7 or less.

25 3. The polyoxytetramethylene glycol according to



25 in Vrepresents the volune (nB8) of the liquid in said 93 reactor and F
represents the rate (n8/ hour) of feeding tetrahydrofuran to said reactor
so that the VVF value represents the retention tinme (hour or hours) of
tetra- hydrofuran in said reactor and while maintaining a P/V 5 val ue at
1.3 kWor nore wherein P represents the notive power (kW applied to the
liquid in said reactor and V is as defi nedZabove so that the P/V val ue
represents the notive power (kWnB) applied to the liquid per unit vol une

t hereof, 10 to dlwirehy, oltiiél hapohygentaati off hight moheruibmr welghtpri Si ng
a reaction-formed tetrahydrofuran organic phase containing a

pol yoxyt et r ametBENG meo ¢ gebes hafi Bg0 &onBnBef byewadghtnl baskedr oneithet of
from500 to 3,000 and a reaction-formed aqueous -tetrahydrofuran/catal yst
15 phase, separtntay wedght caft adh- PBMGenoflecndlgdr of uran organi ¢ phase
cont ai ni ng sai d pol yoxytetranethylene glycol fromsaid polynerization
reaction m xture, and adjusting the heteropol yacid content of said poly- 20
oxytetranet hyl ene glycol to a level of 10 to 900 ppb by weight.

5 4. he polyoxytetramethylene glycol according to

claim 1, which has a heteropolyacid content of 30 to

800 ppb by weight.

5. A method for producing the polyoxytetramethylene

10 glycol (PTMG) of claim 1, which comprises subjecting
tetrahydrofuran to a polymerization reaction in a con-
tinuous polymerization reactor with a stirrer in the
presence of a heteropolyacid catalyst, while feeding
tetrahydrofuran to the continuous polymerization reac-

15 tor,

sald polymerization reaction being continuously
performed in the presence of water, wherein said water
is present in an amount sufficient to form a tetrahy-
drofuran organic phase and an aqueous tetrahydrofu-

20 ran/catalyst phase which comprises a solution of the
heteropolyacid catalyst in a tetrahydrofuran/water mix-
ture and which has a specific gravity of from 1.8 to
2.3,

while maintaining a V/F value at 0.5 to 20 hours where-

25 in V represents the volume (m3) of the liquid in said



10

15

20

93

reactor and F represents the rate (m3/hour) of feeding

tetrahydrofuran to said reactor so that the V/F value

represents the refention time (hour or hours) of tetra-
hydrofuran in said reactor and while maintaining a P/V
vaiue at 1.3 kW or more wherein P represents the motive

power (kW) applied to the liquid in said reactor and V

is as defined above so that the P/V value represents

the motive power (kW/m3) applied to the liguid per unit

volume thereof,
to thereby obtain a polymerization reaction mixture
comprising a reaction-formed tetrahydrofuran orgaﬁic
phase containing a polyoxytetramethylene glycol having
a number average molecular weight of from 500 to 3,000
and a reaction-formed aqueous ‘tetrahydrofuran/catalyst
phase, | |
separating saild reaction-formed tetrahydrofuran
organic phase containing said polyoxytetramethylene
glycol from said polymerization reaction mixture, and
adjusting the heteropolyacid content of said poly-

oxytetramethylene glycol to a level of 10 to 900 pPpb by
weight.



