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Pol yoxyt et ranet hyl ene gl ycol and nethod for producing the sane 5 BACKGROUND
.OF THE INVENTIEﬁki992§—§£gpﬁéiﬁﬂ¢éﬁﬂﬁon The present invention relates to a
pol yoxytetra mnet hyl | ycol (hereinafter, sinply referred to as "PTMG')
and a method for %Bﬁc K§5eRE daventipmne Tedatgs: itouPaPOL YoM efrasent

fromz 10 i;s%i:%?ﬁ&gﬁ aﬁ&ﬁﬂ-ﬁ%&e%ﬁe&ﬁt%% e OTeE
ey B e, fsp;’eiz ned 2
;?;geaiéeﬁ Sel PF% gcﬁlg'tggfi ﬁo:{?/lgg gje%:?n @P%rirogrln g%% ppb St)"‘/l %gltght
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by weight with respect to high molecular weight PTMG
molecules, wherein the high molecular welght PTMG md-
lecules are defined as PTMG molecules having molecular
15 welghts 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 welight. The present ;nvention 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.




20 PTMG of the present invention exhibits inproved proper ties with respect
to heat resistance and | ow viscosity. By virtue of these inproved
properties, the PTM5 of the present invention can be advantageously used as
a raw material for a polyester elastic fiber, a polyurethane 25 elastic
fiber and the I|ike. 31 Jauarv. 2004 2 Prior Art PTMGie used as a raw
material for, for exenpla, a polyester elastic fiber and a pol yurethane
elastic fi 5 bar. As described in Japanese Potent No. 2,525, 155, 1n
general , polyether type polyners, such as PTMG are




- 5 ber.
likely to suffer deterioration by oxidation, Wrays and heat. Thus,
al t hough PTMG exhi bh# sGeserlbehtinprdapan@ser Fiadends Noaw2maes 15% s ror resins
and lubricants, da terioration of such a polyner has bean a problem For
exanple, a parge@qarwrw@%mﬂwnptm oolymens afidhe@s §TMBe PBEyMeri zati on
reaction or by heat generated during the polynerization reaction, and the
resul tant 15 pbikedy beoewEfes ﬁ&@rsicmastééwo?/bﬁ oy datd arondVi BBY®f t he
el astic properties (such as strength and el ongation), which are caused by
t he heat deconﬁﬁglPPBﬁ ( s ouak: PENG sKkbiblLs: exrel hentppep-

Therefore, there is a demand for a PTHG haV| exce| l.ent heat re |stance
20 Var L8us st aBFFL98, 88 HaW ppkeTials fRm 5 rﬁhﬁa%ﬂ& Iuhricapgle. fet he -

stabrlzers g LOH LS oL EULLL B iod 5050 0 oy ol
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but it is likeky EﬂeCﬁHiﬁmQ£§59{£5ﬁHféHbfﬁon or by heat generated
‘ during the polymerization rehction,rand the resultant
15 polymer product suffers discoloration and loweripg of
the elastic properties (sﬁch as sfrength and elonga-
tion), which are caused by the heat decomposition (heat
deterioration) of a part of the PTMG. Therefore, there
is a demand for a PTMG having excellent heat resistance.
20  Variocus stabilizers for PTHG are known in the art,
but most of the stabilizers are antioxidants. In addi-.
tion, it is noted that conventional stabilizers for
preventing heat deterioration are unsatisfactory. Spe-

cifically, an aromatic stabilizer (Japaneée Patent No.

25 2,525,155) 1s frequently used for preventing heat dete-




an ultimate product and it may al so cause environnental pollution. In
addition, since the viscosity of PTMcis rela 5 tively high, heating of the
pol ymeri zati on systemis necessary for producing PTM5 by an econom cal ly
and comrerci al |y advant ageous pol yneri zati on net hod whi ch enpl oys no
solvent or only a small anpunt of solvent. When a PTM5is produced in the
absence of a solvent) 10 heat deterioration of produced PTMG becones a
probl em Accordingly, there is a demand for PTMG havi ng both the inproved
properties with respect to both heat resis tance and | ow vi scosity.
Further, the addition of the above-nentioned sta 15 bilizer has a danger of
causi ng discoloration and low Bring of the elastic properties (such as
strength and el ongati on) of the polyner product. Therefore, there has been
a strong demand for a method of produci ng PTMG having i nproved heat

resi stance, wherein the amount of 20 additives, such as a stabilizer, is
suppressed to a level as | ow as possi bl e.




Furtherd PTMG RaVRdy RiQR .vibeedding ofadhen@oalymarigatdon dnsdes dhen PTMG

Is used in a pﬁ%%nerlzatlon - thereof with other conpounds _.i.n the absence
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i nproved proper |es mn r éspec e5|s ance

viscosipy. As ﬁeael':s‘dlette:‘ito IS St‘;&{) aedoe%é %&M&fﬂ ﬁfgefnhe PTMS

has not onIy a nol ecul ar wel ution as narrow as ess SO

that the viscoaickhrefindls, P%&eqw deitttnd Yo B mr@;tb&&l
nol ecul ar wei ght PTMG 15 nolecules within a specific range (2 to 5 % by
wei ght)) 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 properties (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 suppreesed to a
level as low as possible.
Further, PTMG having high viscosity has the fol-
lowing problems. When PTMG i1s used in a polymerization

thereof with other compounds in the absence of a sol-

25 vent, it becomes necessary to employ high polymeriza-




wherein the high nol ecul ar wei ght PTMG nol ecul es are defined as bei ng PTMG
nol ecul es havi ng nol ecul ar wei ghts which are at |east six tines as |arge as
t he nunber average nol ecul ar wei ght of all PTMG nol ecul es, 20 the
crystalline, high nolecular weight PTMG nol ecul es contained in the PTMG do
not suffer phase separation but interact wwth the | ow nol ecul ar wei ght PTM5
nol ecul es which are likely to suffer heat deconposition, thereby
suppressing the heat deconposition of the PTMG 25 Such a PTMG
notw t hstanding a | ow viscosity thereof) 31 January, 2004 5 has high heat
resi stance. Further, it has unexpectedly been found that) when the PTMG
contains a heteropolyacid (which is a residua of the polynerization

het er opol yacid catal yst (for PTM3) in a very small anount 5 within a
specific range, a plurality of acid groups of the heteropol yacid nol ecul e
Interact with hydroxyl groups of a plurality of PTMG nol ecul es to thereby
formcrosslinking sites, so that the heat resistance of the PTMcGis further
i mproved wi t hout suffering pronotion of 10 depol ynerization of the PTMG In
addition, it has unexpectedly been found that the above-nentioned PTMG
havi ng excel l ent properties with respect to both heat resistance and | ow
viscosity can be effectively and efficiently obtained by a nethod




15 mhic*?conprises subj ecting tetrahydrofuran (TIiF) to a polynerization
reaction in a continuous polynerjzation reactqor with a stirrer in the
presence of a heteropolyacid cé%hﬁ#gﬂégg+xﬂﬁ+§¥3§¥;%gﬂynerization reaction
. is performed in the presepce er ip an_amoun uffi,20 cient to.forma
Lot Fahydr of ur an_ of ool cOMPBCBL ERREARA o RS RPPREPE SRV 5P ER hEVS) BEEE phase
havi ng a speci f] LIy t ' | I DI he .
retention tirma%#%§§§¥%%y%$éf%&gﬁhg%g?hgtﬁggé?ggikﬁtﬁ?ﬁgé%sgéggfbcs?ange

(a 0.5 to 20 hautshsdada brle HBkBAT5:hATLYGA' BPoRBLEYESPAYER 2aBbLEE O

the liquid in 1" January, _ reactor at specific value (1.3 kW
or noreyj¢o therebypObh ahfaf PSEXEE&hééthﬁﬁaiSQC%iQBQH1¥&Ur%A&QQPEéédf@,a

reaction-formed tetrahydrofuran organi c phase containing a

pol yoxyt et ranmetiy | igge @h¥apbchadigndeAUEBBhA2¥hALE! RHENTRhECBIFAG WREOht oOf
from500 to 3,000 and a reac tion-forned aqueous tetrahydrofuran/catal yat

phase, separat imgt telyeachblachoaredelghtafyseeibhdionr @8Nharkbasas
cont ai ni ng the pol yoxytetranet hyl ene glycol fromthe polynerization
reacti on mxturk,8and heégassonghhhethe Wekeoceptiyyafi theoRTHGt betombes
pol yoxytetranet hyl ene glycol to a |l evel of 10 to 900 ppb by weight.
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
welghts 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,




The present invention has been conpl eted based on the above-nenti oned
findings. Accordingly, it is an object of the present. invenl5 tion to
provi de a pol yoxytetranet hyl ene gl ycol (PTM5 having inproved properties
with respect to both heat resistance and | ow viscosity. It is another

obj ect of the present invention to provide a nethod for effectively and
efficiently pro 20 duci ng the above-nenti oned PTMG havi ng i nproved
properties with respect to both heat resistance and | ow viscosity. The
foregoi ng and ot her objects, features and advantages of the present

i nvention wll be apparent to 25 those skilled in the art fromthe
follow ng detail ed 31 January. 2004 7 description and the appended cl ai ns
taken in connection with the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF
THE DRAWNGS 5 In the drawings: Fig. 1 is a schematic diagram show ng the
production systemused for the PTMG of the present invention; and
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Fig. 2 bs a chwdrhtiogeaampeicitfiiec RFEaer aluyshtranl thd dikamllée drodpsclofshows

t he nol ecul ar wei ght distribution of the PTM5 wherein the absci ssa shows

t he | ogarit hm {theghedfextdpe Iy aiadl Inerl evesi It i ntdmmaar dridat sty X he wei ght
% of component PTMG nol ecul e, based on the total weight of all PTMG

nmol ecul es, the gnougssedt isoplofralictvi of RTNG aioscwigfhtthridieredy for@nhd t he
absci ssa shows the | ogarithm of the nunber average nol ecul ar wei ght, and
the area of theneasdiadking t9idieshans that hedeat nerlpnceteciies
havi ng nol ecul ar wei ghts which are at |east six times as large as the
number aver age BRI®JY dunthencinprovsd Muthoyks s ening PERRRYIon (Un of
Reference Nunerals 1. stirrer 2: reactor 3. water feeding tank 25 4: first,

phase- $€par at i eRAFSGTLzaflon Riarihe RMGE 5: distillation vessel 6:

second, phase-separal] oS5, it Hed BidfeSBdY been found that

the above-mentioned fTMG having excellent properties
with respect to both heat resistance and low viscosity
can be effectively and efficiently obtained by a method
15 which comprises subjecting tetrahydrofuran (THF) to a
polymerization reaction in a continuous polymerization
reactor with a stirrer in the presence of a heteropoly-
acld catalyst, I1In which the polymerizatlon reaction 1is
performed in the presehce of water in an amount suffi-
20 cient to form a tetrahydrofuran organic phase and an
agueous tetrahydrofuran/catalyst phase having a specl-
fic gravity of from 1.8 to 2.3, whlle 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 liguid in the




8: distillation colum 5 9: third, phase-separation vessel 10: vacuum
distillation vessel DETAILED DESCRI PTION OF THE | NVENTION I n one aspect of
the present invention, there is 10 provi ded a pol yoxytetranet hyl ene gl ycol
(PTM35 having the followi ng characteristics: (1) a nunber average nol ecul ar
wei ght of from 500 to 3000; (2) a nolecular weight distribution of 1.8 or
less 15 in terns of the MV WVn ratio, wherein Mv represents the wei ght

aver age nol ecul ar Wi ght of PTMG and Mh represents the nunmber average

nol ecul ar wei ght of PTMS (3) a content of high nol ecular wei ght PTMG

nol ecul es of from2 to 5 % by weight, based on the total 20 wei ght of all
PTMG nol ecul es, wherein the high nolecu | ar wei ght PTMG nol ecul es are
defined as PTMG nol ecul es havi ng nol ecul ar wei ghts which are at |east six
times as large as the nunber average nol ecul ar wei ght of all PTMG

nol ecul es; and 25 (4) a heteropol yacid content of from 10 to 900 ppb 31
January, 2004 9 by weight.
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| n another aspecigeimbbecplesewbighteofti fpomt Be0etos3p000i drd a neabed for
produci ng the above-nenti oned pol yoxytetranet hyl ene glycol (PTM3, which
conprises 5 sutjentfogmedt aghgdusf teanahpdaoforgngcatalyeh pbaseion in a
conti nuous pol ynerization reactor with a stirrer in the presence of a

het er opol yaci csepanapiny whel rehctdbngformedhydtvabydnofuraheorganiauous
pol ymeri zation reactor, 10 the polynerization reaction being continuously
performed in tm&@@e@entein#nglattba pehzeuyhetnampshylene glyseht framan
anount sufficient to forma tetrahydrofuran organic phase and an agueous

t et r ahydr of ur aﬁﬁ%aP@?—%?rEmﬁ‘ééOWnFeHc&éﬁ*Br mixsuges opﬂf.ﬂ. 8AJepting the

het er opol yaci d catalyst in. a tetrah¥drofuran/mater 1 X and which has a

speci f+2 graviR§teropPpdypsid pgnies wﬁiFBenapﬁvaﬁﬁnhﬁram9¢PY&3Pae at 0.5
to 20 h wh h n3 f th d t he 20
rgactorogaz F gL%?%%eﬁre rﬁ%%g t8tf ﬁ@/% gﬁo( % ggiﬁﬁiﬂgF?ghydigfurgn to
th t t hat he VI F ts t t h

hour ) of et rahydr P BhePRbEndnyRBEL SR BRE hASPLERERLERRE HEBSIRRY Lol e

The i fquid i n The FRSRETReRiBRetFhiukgR, TV 5 (g, " Pover (W appiied fo

Accordingly, it is an object of the present inven-
15 tion to provide a polyoxytetramethylene glycocl (PTMG)
having improved propertles 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-mentlioned PTMG having improved proper-
tles 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 is as defined above so that the P/V val ue represents the notive power
(kWnB) applied to the liquid per unit volune thereof, to thereby obtain a
pol ymeri zation reaction m xture 5 conprising a reaction-forned
tetrahydrof uran organi c phase contai ning a pol yoxytetranet hyl ene gl ycol
havi ng a nunber average nol ecul ar weight of from500 to 3,000 and a
reaction-fornmed agueous tetrahydrofuran/catal yst phase, 10 separating the
reaction-formed tetrahydrofuran organic phase containing the

pol yoxyt et ramet hyl ene gl ycol fromthe polynerization reaction mxture, and
adj usting the heteropolyacid content of the pol yoxytetranethylene glycol to
a level of 10 to 900 ppb by 15 wei ght. Hereinbel ow, the present invention
wlll be described in nore detail. The pol yoxytetranet hyl ene glycol (PTM3
of the 20 present invention is a m xture of polynmer chains each

I ndependently represented by the following fornula (1):

Hf--0 CH2CHZCHZCH2- ~OH (1) wherein, mis independently an integer of from
2 to 4000, preferably from2 to 2100. 31 Januarv. 2004 It should be noted
that there is no need for the PTMG nol ecul es of the present invention to
have all nol ecu




lar weidghts in the rEngshefdfawbn@sto 4000 in terns of the value of m 5
The nunber average nol ecul ar wei ght (M) of the PTLi G of the present
invention is wthinRite rhnge af sthematD® dbagHiad. shoping ethedpredue- of Ma
is 650 to 3000. The inprovenent in the heat resistance becones nost
significant whdhilawm sgsiemhasedhorahge BTMEr o the7ppesenik3doyeptorr ably
from800 to 2200. The nol ecul ar wei ght distribution (MM Vh ratio) (Mvis a
wei ght average & ecul ar wei ght) of the PTIR of the present invention |s
1.8 or less, preferably 1.7 or less) and nore preferably 1.66 or _| ose.

PTMG hav 15 ing en. BEl@el?eh® ?oﬁPPP@%B§9F9mCﬁEr§BPePT§ |ErP§u6%dt%ﬁed mhen
the MV Ma ratiqg is 1.8 or |ess. bove- nenti oned

Vh Ng b ef
deter nithed byﬁ%ﬁﬂmE%ﬁt%éypﬁﬁhcﬁPBHﬁtBBPaﬁﬁ}eEE#ET W?ﬁghﬁoﬂi FF$ fiion

(apparat us, typgg éhecg%ﬂgnSWhere n % urebscxgsa shows the logarlithm

{log) of the molecular weight, the ordinate shows the
welght % 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 welghts which are
at least six times as large as the nﬁmber average mo-

20 lecular welght of all PTMG molecules.

Description of Reference Numerals

1: stirrer
2: reactor
3: water feeding tank

25 4: first, phase-separatlon vessel




20 and flow rate of carrier (eluent), nolecular weight standards and the
like) for the GPC anal ysis are shown bel ow. Apparatus: Shodex GPC system 11
(manuf actured and sold by Shows Denko R R, Japan): 25 Col unms: Shodax OH
pak SB806M (two col ums) and 31 January. 2004 12 Shodex OH pack SB802.5
(one colum) (each manufactured and sold by Showa Denko K. K., Japan):
Detector: Differential refractoneter; 5 Tenperature: 60 C, Carrier: 0.02
nol/liter solution of Liar in dinmethylacetam de; Flow rate of the carrier:
1.0 M/ mn;




Sanpl e: 5100 ~1 of 90. 8% EhMpdsolpiiasen separad 1t easisiedr ; and Ml ecul ar ,
wei ght standards: PTMG WMh ~ 547,000 (MW Mh = 1.35), M1 = 283.000 (MvV M a
1.08), M = 99, 000:( MV Macuauin @)stiNlati®h Fesse@v Vh = 1.04), M = 35,500
(MV Mn ~ 1.06), M = 15,000 (MVM Mh = 15 1.09), M1 = 6,700 (MW Mh ~ 1.13),
M = 2,170 (MM Mn = 1.12), M1 s 1,300 (MM M1 = 1.12), M1 = 650 (MV Mh =
1.18), and THF nononer. In the present invention, for inproving the heat
resi stance of PTMG it DETNJRD DRSGRERTION: OF WTHHtINNENTION gh nol ecul ar
wei ght PTMG nol ecul es (nanely) PTMS no | ecul es having nol ecul ar wei ghts
which are at | east 3Pxomem@SRert figdhes nresenhiiaventekame thare disar

wei ght _of all PTMG nol ecules) be within the range of from2 to 5 % by

wei ght 10%ased &FOVHEEG @ P YRt eEramathyigne Ihigek u| BRMG) thasingr e
preferred that .the cqontent of 31 Januarv, 2004 13 the high nol ecul ar

wei ght PTMG rmlti‘ﬁulfé’g]io?r}?% ghpracteristieSynt, nost preferably 2.0 to 3.0
% by wei ght, based the total weight of all PTMS nol ecules._.ln eral ,
| ow nol ecul ar wei ghgqﬁTﬁGWLbee&ul%vseqra&}%e LU afe M IR hogégﬁoéh at
resistance, and fhedy.gh mo |ecular weight PTMS nol ecul es defined in the
present invention supgress heat deconposition of PTMG t hrough an

i nteraction thereof (\@)t b %ém@lm&ﬂ dﬂmbxﬁﬂ% r@f efug &S vmsgﬁ are

likely to suffer heat ‘deconpo
i5 - 1n terms of the Mw/Mn ratio, wherein Mw represents the

welght average molecular weight of PTMG and Mn repre-
sents the number average molecular welght of PTMG;
(3) a content of high molecular weight PTMG mo-

lecules of from 2 to 5 % by weight, based on the total
20 welght of all PTMG molecules, wherein the high molecu-

lar 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 900 ppb




10 sition. However) when the content of the high nolecu |lar weight PTMG

nol ecules is nore than 5 % by weight, the PTMGis likely to separate into
two phases, nanmely a solid phase consisting essentially of high nolecul ar
wei ght PTMG nol ecul es and a |iquid phase consisting es 15 santially of |ow
nol ecul ar wei ght PTMG nol ecul es. Thus, the high nol ecul ar wei ght PTMG

nol ecul es are not uniformy dispersed in the PTMa In such a PTM5 the

i nprovenent in the heat resistance is not |large. On the other hand) when
the content of the high nolecular 20 wei ght PTMG nol ecules is less than 2 %
by wei ght, the high nol ecul ar wei ght PTMG nol ecul es tend to be uniformy

di spersed in the PTM5 however, the inprovenent in the heat resistance
beconmes snal| because only a small anount of high nol ecul ar wei ght PTMG

nol ecules is 25 contained in the PTMG 31 January, 2004 14 Wth respect
to the PTMG of the present invention, the definitions of the nunber average
nol ecul ar wei ght (Wn), the nol ecul ar weight distribution (Mv M) and the
content of high nolecul ar wei ght PTMG nol ecul es which 5 have nol ecul ar

wei ghts of at least six tines as |arge
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as the My are 9&&8?F6§159|EQW&&h&hko%%rb% P e RN althonf eklhewh Be
formula: Mha E( N1 M / E N "In the above formula, N represents the

nunber of nmo 10ihegubeatinuane WbliaRrasetlivn hedtloaCwiah eisghrrefr
nol ecule i. (2) The wei ght average nol ecul ar weight (My) whi ch is used in

the fornul a M/ My tRer gpeseadicedfby hea drepoiwiaty d @atslyst]Swhile E
(NNM~) /E (NM) In the above fornula, Ni and M are as defined above. M

in the fornmul a faéftings tediahgdrriof urtaemtol jthab mon t indouEh@odgmearizasf PTMG
nol ecul es having nolecu | ar weights which are at least six tines as |arge
as _ tion reactor,

10 the polymerization reaction being continuously
performed in the presence of water, wherein the water
is present in an amount sufficlient 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 speclfic gravity of from 1.8 to
2.3,
while maintalning 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




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

nol ecul es), based on the total weight of all PTMG nol ecules, is determ ned
fromthe area of a chronat ogram obtai ned by GPC (see Fig. 2). In the
present invention, a heteropolyacid is an 25 acid obtained by the
condensati on of an oxide of at 31 January. 204 15 | east one netal
speci es selected fromthe group consisting of nolybdenum (M), tungsten (W -
and vanadi um (V), and an oxyacid of other elenents, such as phosphorus (P)
silicon (S1), arsenic (As), germanium (CGe), 5 boron (B), titanium (Ti),
cerium (Ce), cobalt (Co) and niobium (Nb). The atomc ratio of the netal
species (any one or nore of netals selected fromthe group consisting of
Mo, Wand V) contained in the heteropolyacid to other elenents in the
heteropolyacid is 2.5 to 12. 10 The heteropol yacid contained in the PTMG
may be in




the forf of a SAMPrigdad 4 Ceaciest ormedt ke ophydrofizramoxgrnic
phosphonol ybdi ¢c_aci d, phosphotungstic acid, phosphonnlybdotu StIC aci d,

phosphonol ybdoPReSE confain %@W%ﬂ%ﬁ#@g@mﬁﬁm haying
phosphotungstovanadlc ackﬁaﬁg?ospho bdoni ohi ¢ aci d, S|I|cotuq?st|c acid,
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boronnlybdotungifovanadlc aci d, cobal tnol bdi c aci d, cobalttungstlc aC|d
ar senonol ybdi c G arsenotungstlc aci d, tltanonDbedic acid and
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%t aW zﬁgcbesa?ﬁﬁeﬁt gq.‘éfcl (rjp;&?@a %st on% %m#%é?rom%é and SI :

The heter opol y@c‘f&hthnseﬁulﬁﬁeﬁiﬂi\ﬁﬁsrsmféﬁeﬂueuf@rn&n@f the total
anount (ppb) of nolybdenum™ tungd sten and vanadiumin t he hat er opol yaci d,

relative to the wei gitide HHd heEdpdfa®USbnEénDESLT BRSO poBEl d
contained in the PTMGis 10 to 900 ppb, the heat resistance of the PTMGis

i nproved. |t | oxpriefterametifbéné hglHedEBr 0ok ybevel cont B0t tHS9G0 ﬁpb&@ﬂ ppb
by 10 weight, nore preferably 50 to 600 ppb by weight.
15 welght.

Herelnbelow, 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, —-—0H (1)

wherein, m is independently an integer of

from 2 to 4000, preferably from 2 to 2100.




It is considered that individual heteropolyacid nolecules influence the
hydr oxyl term nal of the PTMG nol ecul e which has high nobility. In general

t he hydroxyl termnals of a | ow nol ecul ar wei ght PTMG nol ecu 15 | e have
high mobility, and such hydroxyl termnals are considered to be likely to
suf fer heat deconposition. Since a heteropolyacid is a polyvalent acid) a
plurality of acid groups in one heteropol yacid nolecule interact with the
hydroxyl groups in a plurality of PTHG 20 nol ecul es to form crosslinking
sites: As a result) a PTMG het eropol yacid conplex having a low nmobility is
conposed and the heat resistance of the PTMGis inproved. \Wen the

het eropol yacid content of a PTMGis nore 25 than 900 ppb) not only does an
occurrence of discolora 31 Januarv. 2004 17 5 tion of the PTM5 due to the
het er opol yaci d becone significant, but also a part of the heteropol yacid
beconmes crystalline to thereby pronote the depol ynerization of the PTMa On
t he ot her hand, when the heteropolyacid content of a PTMGis less than 10
ppb, al nbost no PTMG - het eropol yacid conplex is fornmed and, thus) the

het eropol yacid is incapable of inproving the heat resistance. The contents
of nol ybdenum tungsten and vanadi um 10




~ PIMG of the present lnvention 1s wilhin The Iange ot

. in the PTMG are _determ ned_mainly by I CP-Mgss spectr,o [Yeeq e, PTMG of
the present in¢&H %ﬁ’r&/\ﬁf’cﬂow&s ﬁig’ﬁ-‘e‘fﬂfg%ﬁ%%&t °Feg$si‘3n%%o g%d | ow

Vi scosity may g,g’rbt ai n_conponents other an_PTMG as.l on gonmponents

cause no adver s& 0% egﬁg RoveRant ﬁé‘t - é-‘,“-*’éﬁgﬁggg a astic

;i_ber. tErarrpl ?Zﬂg&dm her ig%gln‘%g%gse%g\c%gd‘altgeﬁra'{]}/ed_rrqntérea@,f(g ig$1l‘\/tGer,
requently re 8[’@“&5; as a erial,” a cyclrTc

bypr oduced duri t,he lynerizat] r [ urat ed hydrocarbons
havi ngb%&to 10 '@%r t}%n %%gmpﬁﬁéeﬁéﬁﬁafgéﬁcmoﬁg%@'h of which are used

in the bel ow -nenti d | ' ' 0 I d content

He” md g&ﬂ }Lfesgﬁ?%%tiﬂ 100 diE (364 /3 Eatxgz

of a PTMG Wen for “exanp o by wei ght of THF, 3 by wei ght

or less of a CyGit o Wy ePfhéthoPbch£aF WéighBRldH aedpmdr ocar bon
having. 31 Jan%y. 2004?1%51%59?0 18 carbon atons ag;%@}?ass t han 100 ppm of

an activated caypamd eifti inbafedofin1bhe, sebahiesd, tdrafddblyal e7
I ncorporated into the PTM5 of the present invention, substantially no

adverse infl uenpesiéds, G adrd pReEBLablPpEL 66 e6r Olesy. UMt PIMGchav-astic
fiber. Espe cially, when a PTMs contains a cyclic PTM5in an anount of

0. 003 tps0. 03 %y awietiellcnt Lowcvisbpshiyt bbaPadidris tidy dmt abeously .
| onered w thout causing a |lowering of the heat resistance.
tained when the Mw/Mn ratio is 1.8 or less.
 The above-mentioned Mn and Mw values are det.er'-
mined by gel permeation chromatography (GEC). The com-
ditions (apparatus, types 6f columns, temperature, type
20 and flow _rnte 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 K. K., Japan);

25 ~ Columns: Shodex OH pak SBB06M (two columns) and




10 The details about how an inprovenent in the heat resistance of a PTMGis
achieved in the present invention is still unknown. However, it is
considered to be as follows. In the PTMG of the present invention, the

nol ecul ar weight distributionis 1.8 or less. By vir 15 tue of this, 2 to 5
% by wei ght of the high nol ecul ar wei ght PTMS nol ecul es can be stably

di spersed in the PTM5 so that the heat resistance of the PTMG as a whol e
is inproved. In addition, the heteropolyacid contained in the PTMGis
considered to cause strong 1n 20 teractions with the term nal hydroxyl
groups of the PTMG to thereby suppress the notion of the PTM5 nol ecul es
which notion is likely to be caused by the heat added to the PTM5 so that
the heat resistance of the PTMGis inproved. 25 31 January, 2004 19 In
anot her aspect, the present invention provides a preferred nethod for
produci ng the above-nenti oned pol yoxytetranet hyl ene glycol (PTM5 having
excel | ent
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propertses wth respeetaterdot kkwf- dd gh heat resistance 5 and | ow
viscosity. The nethod of the present invention conprises sub jecting

t etr ahydr of uran t@arerperynes|gatmel/Itest | olutien contiiBoOUEn pol yneri zati on
reactor with a stirrer in the presence of a heteropolyacid catalyst, while
feed 10 ing tetrahydrof uraminetinel soatamides pol yneri zation reactor, the
pol yneri zation reaction being continuously perforned in the presence of

wat er, wherein thélomteatésofrtbencarnien: anbuhtmbkinffrici ent to forma tetra
15 hydrofuran organi c phase and an aqueous tetrahydro furan/catal yst phase
whi ch conprises aSsmple:onl@®d pheohed eBHppTNGcsoluticon ybn the a
tetrahfdrofuran/mater m x ture and which has a specific gravity of from1.8
to 2.3192p while maintainiAFEL¥F 3fue at 0.5 to 20 hours where in V

represents the vol une éng% of the liquid in the reactor and F represents
the rate (n8/hour¥OLecriani ReleRt  shonfardean R BIGnd'M eact bt - Wt hat the

VIF val ue represefiys g7 et EMALYN 4hE 4BSUG08" MRV -OL.b8)! Pun -
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 1s 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 welght
of all PTMG molecules} be within the range of from 2 to

5 % by welight, based on the total weight of all PTMG

25 molecules. It 1s more preferred that the content of




25 hydrofuran in the reactor and while maintaining a PPV 31 January. 2004
20 value 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 val ue represents the notive power (kWnB) applied to the liquid per
unit 5 volume thereof, to thereby obtain a polynerization reaction m xture
conprising a reaction-formed tetrahydrofuran organi c phase containing a

pol yoxyt et ranet hyl ene gl ycol having a nunber average nol ecul ar wei ght of
from500 to 3,000 10 and a reaction-forned aqueous tetrahydrofuran/catal yst
phase, separating the reaction-fornmed tetrahydrofuran organic phase

contai ning the pol yoxytetranet hyl ene glycol fromthe polynerization
reaction m xture, and 15 adjusting the heteropolyacid content of the

pol yoxyt et ranet hyl ene glycol to a level of 10 to 900 ppb by weight. The
reaction systemused in the nmethod of the pre sent invention conprises a
tetrahydrofuran (THF) or20 gani c phase and an aqueous THF/ catal yst phase
whi ch conprises a solution of the heteropol yacid catal yst in a THF/ water

m xture and which has a specific gravity of from1.8 to 2.3. A

het eropol pacid is sparingly soluble in an anhydrous THF, but well sol uble
in a mxed sol
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25 vents pr eparetidyeddth Ngave Sew| hageupkshbtaate;, baadThHRe high danuary,
2004 21 A heteropolyacid solution having a specific gravity of from1.8 to
2.3 can be prepseetabywelgstl PI'MG mohetalepobipfitneddi Ant fbenpredesdl vent in
whi ch the anobunts of water and THF contained therein has bean adjusted so 5
that the speciincegthontgupprebhe hestl tecompesdtdpol pfablTYGssharbgh fal l s
within the above-nenti oned range. Wien the thus prepared heteropol yacid
solution is addedinterartionethesebfandltheibei dawsholesudasaweddbti nto two
phases, nanely a THF organi ¢ phase and an aqueous 10 THF/ catal yst phase
(hereinafter, ?T%Gu@ﬂ%¢9019ﬁeWhé§htér&sli§ﬁg§oﬁ§ sHELext hepdt deRRERO- of
sinply as 'catalgst phase"). The reason why such a_reactjon sMngn1is
obt ai n¥8 i s noflE&PRy JIQMERY edvheRt the ¢entent; ok, the RiehMePT anount

of yater 1 copLd g ol Bobienld Heeronel yastun sl 8 BOYerdhe, oauci ng
LD, PTG of ¢ DEnRT ERGE! 1o YSRLST ol ReRERiAl anET B ALY Shelid
Ve o kB398 BEER Ao NS AR TR o el o0l
wei ght di stribybi gi+PEMRRN oIBoutd! dre 2 1THYE PHALE LI BRI es-
15 sentially of low molecular weight PTMG molecules. Thus,
the high molecular welght 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 molecular
20 weight PTMG molecules 1s less than 2 % by welght, the
high molecular weight PTMG molecules tend to be uni-
.formiy 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.




25 weight distribution of 1.8 or less and having a [imted 31 January.
2004 22 content of 2 to 5 % by Wight with respect to high nol ecul ar wei ght
PTMSG ol ecul es, wherein the high nol ecul ar wei ght PTMG nol ecul es have

nmol ecul ar wei ghts which are at least six tinmes as | arge as the nunber
average 5 nol ecul ar weight of all PTMG nol ecul es. Specifically, the
reaction conditions need to be controlled precisely for producing such a
PTMG Illustratively stated, in the nmethod of the present invention, use is
made of a continuous polyneriza 10 tion reactor with a stirrer, wherein THF
can be fed continuously to the reactor and the produced PThl G can be

w t hdrawn continuously fromthe reactor. The abovenenti oned het eropol paci d
is used as a polynerization catalyst, and the polynerization reaction is
continu 15 ously perforned in the presence of water in an anmount sufficient
to forma THF organi c phase (THF phase) and an aqueous THF/ catal yst phase,
while controlling the retention tinme (V/F) of THF in the reactor {wherein V
represents the volunme (nB) of the liquid in the reactor 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 liquid per unit volunme thereof {wherein P
represents the notive power (kW applied to the liquid in the reactor and V

represents the volume 25 (nB) of the liquid in the reactor}. In addition,
as




31 Januatv. 2002298 Reherwhed webgbtsdofi ay leestoslrknbbues ppddlergen of
PTM5 the two phases (the THF organic Ehase and t he aqueous THF/ cat al yst
phase), which &% thpHMRaRFefSiveroBEcIAYLONE- PTMG of the present

i nvention, can be ea, 5 sily forned by neasuring and adjusting the specific
gravity of the aqueohi) T éﬁﬁ%e%ﬁ%@ e tfdjl%?%"’js‘@ a“%"?‘ﬂ"@dnt r ol

t he anobunt of water coordinated to th et eropol vaci d. The nol ecul ar wei ght
di stribution properties of the oHPafngdgﬁfﬁtydé#*ﬁe controlled by 10

lE‘_@?tF)r Z'oi T i Eﬁﬁ%feéﬁf%% R %é‘ﬁﬁ'sééi‘t? PO aBeEGbEheRe .
Japanesht pat oni 38 Aiel T ot har Far BEESERP SRoti; nafeBatRE HaTbnpofs " "

(correspondi ng ho1&kr1ePat ent No. 4,568, 775) describes that the anmount of
wat er coordinated to a heteropol yacid catal yst influences the catal ytic

activity of the catalyst)randidfipit tARSrads o XS RFARWOIGIET e vithe 20

anount of water coordinated to a heteropolyacid cata |yst and the nunber

average nol ecul en ¥&i gbeaoinatRéMecehiiaaned /iy B8l yapiresenedHbyl Bhéhe
presence of the heteropolyacid catal yst. However, although this patent
docunent describeslokangt Bermalacul ar wei ght distribu 25 tion of the
obtained PTMG is narrow, it contains no de

15 Mw = T (NiMi?) /3 (NiMi)

In the above formula, N1 and Mi are as defined above.
Mn 1n the formula Mn/Mw 1s 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 molecular weight {(high molecular
welght PTMG molecules), based on the total weight of
all PTMG molecules, 1s determined from the area of a
chromatogram obtained by GPC (see Fig. 2).

In the present invention, a heteropolyacid is an

25 acld obtained by the condensation of an oxide of at




31 January. 2004 24 scriptions about controlling the nol ecul ar wei ght
distribution properties. During the course of the studies on the reaction
conditions for stably producing the PTMG of the present 5 invention which
has a specific nolecular weight dis tribution properties, the present

I nventors have found that the nol ecul ar weight distribution properties of a
PTMG can be control |l ed precisely wthout changing the nunber average

nol ecul ar wei ght thereof by controlling 10 the retention tine of the
nmononer (THF) which reacts in the catal yst phase while feeding THF in a
constant anount) relative to the volune of the aqueous THF/ catal yst phase
in the reactor, to the reactor. It is considered that the substantial tinme
of reaction can be 15 made constant by controlling both the amount of and
the specifio gravity of the agqueous THF/ catal yst phase in the reactor. As a
result, it beconmes possible to control the nol ecul ar weight distribution
properties of the produced PTM5 while nmaintaining the nunber average 20
nol ecul ar wei ght of the PTMG at a constant value. In the above-nentioned
pol ynmeri zati on nmethod) a part of the polynerization product (PTM3 is
sanpl ed during the polynerization reaction so as to determ ne the nol ecul ar
wei ght distribution properties thereof. 25 Based on the results of the
determ nation, the nol ecu




31 Janudry, 200aros (BY .wiilganlymsiTiut comivmodEeti.esoRrdtcdfPIoPPEd in
the followi ng nmanner. A reaction s¥sten1for polﬁﬂerizing THF using a
het er opol yaci d*3Qbaumafibyst Theaptemds srahipnohnthe Bebat e8ReFLRS f or ned

THF organi ¢ phase containing a pal yner _and reaction-fqrmed agueous
THE/ catal yst phaS¥ QP€ Rt HAmey o T5EAlaq Seesten GeRB W BXOHR A&0F or m of

| obul es. Th I I zat | t ' ' d I insth
Aaucous THFY cabSPyanoyREs O i 200, §) RARRLEAN OR (e BRAGPRES 13RIl
| i zat i ti t he .PT ' | ' THE t al yst
bhae 1 5 par (1 EPoREHeBoRREMRTIR: Ty tup, b F e YR RO s B 17
is partitPof e “Rq s adé "a
et R i R s e R S A

to obtain a PTMh@¥iRd o $PeGEH.C 8YEEREENURARL1AR! 8¢UhaEe¥BpEY - the
retention tinme of raw material THF I1nh the agqueous THF/ catal yst phase is

control I ed) soabhak 4he1HdEPHApHRIARbAIS sd, ighddpbtrimparid es of the
t hus produced PTMG can be cog?%of1ed. /th respectl?githe PTMG produced in

t he aqueous THatgat, apheispHa)yidic R stiRy isld 0 pHepHdml yydwceeds as an
equilibriumreaction) but the polynerization degree is considered to vary
i n accordance wehhddt tded d,etpirisplionid Igb At ulldis {owarantlg agidhe aqueous
15 phosphotungstovanadic acid, phosphomolybdoniobic acid,
silicotungstic acid, silicomolybdic acid, silicomoly-
bdotungstic acld, silicomolybdotungstovanadic acid,
germanotungstic acid, borotungstic acid, boromolybdic
aclid, boromolybdotungstic acid, boromolybdovanadic acid,
20 boromolybdotungstovanadic acid, cobaltmolbdic acid,
qobalttungstic acid, arsenomolybdic acid, arsenctung-
stic acid, titanomolybdic acid and ceromolybdic acid,

and metal salts thereof. A preferred heteropolyacid 1s

an oxyacid obtained by the condensation of an oxide of

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




31 Januarv. 2004 26 THF/ catal yst phase. Since the polyner in the agueous
THF/ cat al yst phase is partitioned to the THF organi c phase, the nol ecul ar
wei ght distribution properties of the final PTM5 refl ect the nol ecul ar

wei ght distribu 5 tion properties of the PTMG in the aqueous THF/ cat al yst
phase. For broadeni ng the nol ecul ar weight distribution of a PTM5 the
retention tine distribution of the nononer (THF) in the aqueous
THF/ cat al yst phase needs to be 10 broadened, whereas, for narrow ng the

nol ecul ar wei ght distribution of a PTM5 the retention tine distribution of
t he nononer in the aqueous THF/ catal yst phase needs to be narrowed. The
retention tine of the nononer in the agqueous THF/ catal yst phase can be
controlled, for 15 exanple, by controlling the area of and the tine of
contact between the aqueous THF/ catal yst phase and the THF organi ¢ phase.
The follow ng methods (1) and (2) are the preferred nethods for controlling
the retention time 20 distribution of the nononer in the catal yst phase.

(1) The retention tine distribution of the nmononer in the agueous
THF/ cat al yst phase is controlled by varying the retention time (VF) of the
nmononmer in the reactor. Specifically, V/IF value is increased




25 for Broadenigien ndoranad tum weh ghe dheteropelvechd. relaghveary. 2004
27 the polyner, and the V/F value is decreased for narrow ng the nol ecul ar

wei ght di st ri bUtheretghheoHotBeePTME p) Whsamhdthe W%ﬁ:‘-’r iddathePRaRedYor with

a stirrer, the 5 retention tinme distribution of the nononer in the aqgueous

THF/ cat al yst pH%%%@l%PQﬁﬁ%QQ@I%H Bhe vBIYSnyst ke H%t?@% PBRer the/R5aL | i ed

to the liquid (per, unit vol une t her eof the reactor., Spe ically, P/V
value is decred@ﬁﬁiﬁEﬁn%ﬁo eHrfgF THE %ﬁ g@BFQYe 0 et gt BF %£ i on of

the p0|yner’iﬂ%kégm%ﬁz\ﬁeteropolyacid content 1s 30 to 800 ppb by

10 welght, more preferably 50 to 600 ppb by weight.

It 15 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, and such hydroxyl terminals are
considered to be likely to suffer heat decomposition.
Since a heteropolyacid is a polyvalent aclid, a plural-
ity of aclid groups in one heteropclyacld 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 l1ls im-

proved.

When the heteropolyacid content of a PTMG is more

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




value is increased for narrowi ng the nol ecul ar wei ght distribution of the
polynmer. in the above nethods (1) and (2)) V represents the volune (nB) of
the liquid in the reactor) F represents 15 the rate (n8/ hour) of feeding
THF to the reactor, and P represents the notive power (kW applied to the
liquid in the reactor. The nmechanismin the control of the nolecul ar wei ght
distribution of a PTM5in nethod (1) above by 20 varying the V/IF value is
expl ai ned bel ow. During the continuous pol ynerization reaction, the
variation in the V/F value of the nononmer |leads to a variation in the

average retention time of the nononer in the reactor. \Wen the average
retention tinme is
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25 longs the 1 eitdid df N mhfd T Uld ) ©ard Mo PP RndEt ol PEMBIary,
2004 28 the aqueous THF/ catal yst phase becones broad. On the 5 10 ot her

hand, when the -3AeadhdBiMd Bbip 18X Of s LASrMEN WY, it &0rthe t he
retention tinme distribution of the nonomer in the aqueous THF/ cat al yst

phase becones haexpoiijaci®ans ihddpavherot hampddv e Uthd heédermased, the
retention tine distribution of the nononer in the aqueous THF/ cat al yst

phase becones I|sdrsgsgnand t he nol ecul ar wei ght distribution of the produced
PTMS becones broader. Contrary to the above, when the V/F value is
decreased, the retemMheorcditmts gff innkywiernim ! heamgeimrerand waradigueous
THF/ cat al yst phase becones small, and the nol ecul ar wei ght distribution of
t he prdduced PING e EEMG rare cdwtermined coz taly o ICP tMas s bepectiord oned
mechani sm) 15 the nol ecul ar wei ght distribution of the PTMG can be
controll ed by W%+ ng the V/F val ue of the nmonomer used in the continuous

reaction for producing the PTMa The nol ecul ar wei ght distribution of a
PTMG can The PTMG of the present invention which has high

heat resistance and low viscoslty 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 (herelnafter, frequently referred to as
"THF") used as a raw material, a cyclic PTMG by-
produced during the 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 welght or less of a cyclic PTMG,

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




20 25 also be controlled as in nmethod (2) above, that is, by varying the
P/V val ue. When the value of P/V applied to the liquid in the reactor is
varied) the average particle dianeters of gl obules of the aqueous
THF/ cat al yst phase and THF organi ¢ phase becone varied. This variation in
the average particle dianeters of the globules results in the variation in
the area of con 31 January. 2004 29 tact between the aqueous THF/ cat al yst
phase and the THF organi c phase, as well as the variation in the frequency
of the coal escence and redivision of the abovenenti oned gl obul es
(hereinbelow, this frequency is 5 referred to as the

"coal escence-redivision frequency of the globules'). It is conceivabl e that
t hese variations cause the variations in the amounts of substances which
are noving fromone of the two phases to the other phase. It is apparent
that the retention tinme dis 10 tribution of the nononer in the aqueous
THF/ cat al yst phase can be controlled by varying the value of P/V ap plied
tothe liquid in the reactor and, therefore, it is also possible to contro
t he nmol ecul ar wei ght distribution of a PTM5G by varying the P/V value. 15
Specifically) when the P/V value is increased, the




average sparti clom dibmgimeilddicof) abubbEsimdtd hel edtioe oftsoediH-/ Eapel-yst
phase and the gl obul es of the THF organi c phase becone small, thereby

i ncreasi ng bot keitdldyar edhari & @IMGtchretabesn 4 heydldoc gHEME simnah tdanowrdal es
20 cence-redivision frequency of the globules. As a con sequence, the
amount s of substfaktddiacD 02 vy gebghheethe el see sl ystoHhlse RIMNG t he
organi ¢ phase becone increased, and this increase causes the retention tine
of the nononer YfoladMardagerusity chewened whtheut ocaes g oy rower ing rfand
the retention tinme distribution of the 31 January. 2004 30 nononer in
the catal yst pHa¥e henptbhkemkstaneew. As a result, a PTMS having a narrow
nmol ecul ar wei ght distribution is produced. Contrary to the above, the

decreas® i n the P/ VIR AP ARARRIH RO 37 cHIRFOTYMRRE LS HRE BRAE t he two
Gocr cased, and LSRG 10k &1 BN LFPOOLPURY b | S HURGREPE FLRR.
Cat ALYt PSS A T S S Sy TG BRI 0o
above-nenti(HKH%&H%%EHgagq In the PTMG of the present invention, the
molecular welght dlstribution is 1.8 or less. By vir-
15 tue of this, 2 to 5 % by welight of the high molecular
weight PTMG molecules can be stably dispersed in the
PTMG, so that the ﬁeat resistance of the PTMG as a
whole is improved. In addition, the hetercpolyacid
contained in the PTMG is considered to cause strong in-
20 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.

25




using a reactor with a stirrer, the value of P/V ap plied to the liquid in
the reactor can be varied to control the nol ecul ar weight distribution of a
PTMG wi t hout varying the nunber average nol ecul ar wei ght 15 thereof.
Specifically, in order to produce a PTMS having a broader nol ecul ar wei ght
di stribution and having a higher content of the high nol ecul ar wei ght PTMG
nol ecul es whose nol ecul ar weights are at least six tinmes 20 as |large as the
nunber average nol ecul ar weight, the 1/ (P/V) value (i.e., a reciprocal of
the notive power applied to the liquid per unit volune of the reactor) and
the V/F value (i.e., the retention tinme of the nononmer) are increased

si mul taneously or successively. 25 On the other hand, in order to produce a
PTMG having a 31 January, 2004 31 narrower nol ecul ar wei ght distribution
and having a smaller content of the high nol ecul ar wei ght PTMS nol ecul es,
tha 1/ (P/V) value and V/F val ue are decreased sinultaneously or
successively. 5 By using the above-nentioned nethods (1) and (2) for
controlling the nol ecul ar weight distribution prop




properties with respectl tO boih Ol LLZH =S —EEo=—7

erties of the PTMG_ it becones@yossible to stably produce the PTMsG of the
present S nvent 288 M VBRI HE specific nol ecul ar wei ght distribution

properties. 10 Hereinbel ow,. the prefer hgel, d1F 1 410! SRS #d g sit= i s
expl ained in detail Ihg r’%‘#h e?jgtﬁ)% éf(;%dl E [ ons %r% pI’OddlIﬁCif ng a PTNG
Condust i ng’a 1 ARCUH e St EiEePRraf b8l 60 Prheft faLRbETAEATELS 10
subjecting THF to_ a rin enj §LEal-bRRt6LaEitRNail stErecentimuous
polynerizationQWﬁﬁRE#n§@€% é%?§?§$i¥§?t%e presence of a heteropol yaci d

cat al yst, mhergh? t eééﬂgéoggngnﬂeggkgﬁglygalaoeatanyktonwh$leoﬁe¢@pousIy
performed in 20 % presence of water, so that the water is present in an

amount suffici t P f PRI HRE£hCRhOWbNEREWBORBARBSUENPDFMeEABREAON A THF
organicfghase Zﬁ%ganeaqﬁg%us THF/ cat al yst phase conprising a solution of

the heteropol yagigd-gatal yst in a THF/ water m xture and having a 25 specific
gravity of from1.8 to 2.3. 31 January, 2004 32 The test operation

conprises the fol |l owipa pbepmefakataoadreaciionabelag 6PNSABPAPFAY t he

following two calibration curves under the reaction conditions for

producing a 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 retentlion time (hour or hours) of tetra-

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




5 PTMG havi ng a desired nunber average nol ecul ar weight: a calibration
curve showi ng the rel ationship between the notive power (P/V) applied to
the liquid per unit volunme of the reactor and the nol ecul ar wei ght

di stribution properties of the PTM5 and a calibration 10 curve show ng the
rel ati onship between the retention tinme (V/ F) of THF and t he nol ecul ar

wei ght distribution properties of the PTM5 (b): a step conprising
sub-steps of sanpling a portion of the reaction m xture being produced in
t he pol yneri 15 zation reactor, determ ning the nunber average nol ecu | ar
wei ght of the produced PTMG contained in the sanpled reaction m xture, and
nodi fyi ng the reaction conditions when the nunber average nol ecul ar wei ght
of the produced PTMGis different fromthe desired value so as 20 to
produce a PTMG havi ng a desired nunber average no |ecular weight; (c): a
step of determ ning the nol ecular weight distribution properties of the
produced PTMG when the PTMG has the desired nunber average nol ecul ar

wei ght; and 25 (d): a step of finally adjusting the reaction condi 31
January. 2004
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33 donsswhen thgiRbeeHbaeoei ght distribution properties of the PTMG
determned in step (c) above are different fromthe desired val ues, which

conprises correét tRerehe odltainatd Polguietds aaiilcdl tehdtict efdxtarebased on
the 5 nol ecul ar wei ght distribution properties determ ned above and

adj usting the oompréspagen Eeadtimr foammd itetdahyelnofunan mrandicdance
with the corrected calibration curves, so as to enable a PTMG havi ng

desi red nol ecuphrseeicghttadindirg U thoiy grydedrtameshyd dne [glathiede havidgl n
general, a highly pure THF (containing inmpuri ties in an anount of | ess
than 500 ppm bp wempletr) avensged nsleculay rmeiaghitalof drom & ity 300
calibration curves in step (a). Wuereas) in stee¥§g%£:THF Is recycled to
the redftion sydfem agaictdanmLommas] aPRUS 1ot QR IR LIS t he

recycled THF is_used as a raw material. Since the recycled THF contai ns
some inpuriti e®P&SRere is a slight difference in soma reaction conditions

R g ORI RGN SRR R T 2 RS
e calibre U SAAN VSR SR ERIAD (FETESiy R TR ARVERTL I
oDt B S AP Lol BRI v, g o THE varies
15 : adjusting the heteropolyacid content of the poly-
oxytetramethylene glycol to a level of 10 to 900 ppb by
welight.
The reaction system used in the method of the pre-
sent invention comprises a tetrahydrofuran (THF)} or-
20 ganic phase and an aqueous THF/catalyst phase which
comprises a solution of the hetercpolyacid 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.




31 January. 2004 34 the reactor. Step (c) is necessary for overcomng this
problem The calibration curves prepared in step (a) can be corrected based
on the results obtained in step (c) to thereby obtain the calibration
curves for the 5 comrercial scale PTMG production. In step (d), the re
action conditions for producing PTMG are determ ned in accordance with the
corrected calibration curves. Hereinbelow, a further explanation is mde
with respect to the above-nentioned steps (a) to (d). 10 Step (al: The

rel ati onshi ps anong the nol ecul ar wei ght distribution of a PTMG having a
predet er m ned nunber average nol ecul ar weight, the P/V value and the V/F
val ue are obtained in the formof enpirical fornulee. The tolerance in the
nunber average nol ecul ar 15 weight (i.e., the difference between the

desi red nunber average nol ecul ar wei ght and the actual nunber average

nol ecul ar wei ght of the produced PTM3 varies depending on the use of the
PTMG. For exanple, when the PTMGis used as a raw material for an elastic
fiber, it is 20 preferred that the tolerance in the nunber average no
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| ecul ar swei ght thatt tHe0 spayier iadvrdvigeo ustt tie Sfbsulfimt hetRibdpdiy-used as
a starting material for a reaction, it is nore preferred that the tol erance
in the nunber avddageliatiieaulfal Veeivgiithirs the3abdbe mentebeagd esangeen a PTMG
havi ng a nunber average 31 January, 2004 35 nol ecul ar wei ght of 1800 is
produced i n t h&#hemeddrec elnfs preparaddeotanrap@kyacihtsd hettlon W added

rel ati onshi ps respectively represented by the following formulae (2) and
(3) can be expdwoi rEift.althe amsutant Sreagion K(aye) geparaliws MItvh ~
K'(P/V)~ (3) wherein K, a, K and ~ are constants which can be

experi ment al | y toFét SMasasy, engly 1 THH cerganiel Bhasss and SigiPay as to
10 obtain a PTMS havHG%.a desi red nunber average_nvol ecul ar wei g

pol yneri%at i on THELGAGH ¥t mikRse hereinakien, t#ﬁeﬁ%ﬁ%e"%e%%a

wherein the water Js present an anount squ|C|ent to forma THF organic
phase and an a eoﬁg'%fﬁ {}%‘Tta&ﬁ%%ﬁ HYS UL S ¢ ¥Whty of

f 1.8 to 2.3, whil th f h
THE) cat al yot pﬁhse ' éﬁbggﬁﬁfé%ﬁ%n W8S B ffaireegﬂf&“o%ﬁg@&feg? Ferlht o
e o et U 9 [‘ﬁgl#"geeihéi‘&aﬁee&?rﬂ%{‘eﬂ VAl “&ﬁ’éui‘é&@&r

aver age nol ecul ar WEI
that a small amount of water is coordinated to the

15 heteropolyacid.

Hereinbelow, an eiplanation is made on the repre-
sentative example of a method for producling the PTMG of
the present lnventilon.

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 difficult to produce a PTMG of the present
invention which has specific molecular weight distribu-

tion properties, that is, a PTMG having a molecular

25 welght distribution of 1.8 or less and having a limited




20 duced PTMG is different fromthe desired Val ue, the polynerization
reaction conditions (such as the anmpbunt of water coordinated to the

het er opol yacid) the reaction tenperature and the |ike) are regul ated by
conventional nethods so as to obtain a PTMS having a desired 31 January.
2004 36 nunber average nol ecul ar weight. Sten (c): The nol ecul ar wei ght
distribution prop erties of the PTMG having the desired nunber average

nol ecul ar weight are determned by GPC. 5 Step (d): Wen the nol ecul ar

wei ght distribution properties of the PTMs whi ch have bean determ ned in
step (c) above are different fromthe desired values, the P/V value and the
VI F value are regulated in accordance with the calibration curves
(formul ae) obtained 10 in step (a) above so as to control the nol ecul ar
wei ght distribution properties of the PTMG
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| f desimed, st apdednldrn Wael)glat cof epEht BIMGI Mtdlecu REIG Ispeicid lleallyt, he
desi red nunber average nol ecul ar weight and the desired nol ecul ar wei ght
di stribution 1%her aeerdtiien i comdt tlowsl. nded ot olepe t ootttk béd timeecidelqul ar
wei ght distribu tion properties of a PTM5 so that the content of the high
mol ecul ar wei gioIPPMedustlowall ssclbez OFEBMG2 to 5 % by wei ght, the retention
time (VF) of THF nust be in 20 the range of fromO0.5 to 20 hours,

preferably from 2 tdumsigiatively taeddutt i the drethed\ef Hehe RS desi r ed
nunber average nol ecul ar wei ght, when the V/F value is small,_the

conver si on and SE5 ATBIRRL AN ¢ s ehe t Patke beE oReCPRhERBEMS (POl YRe Bt 3T

hand, when the V/ F value 25 is large; the reaction tine becones Igng.
Ther ef di%, tion reactor with a stirrer, wherein THF can be fe

continucusly 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 reactlion 1s continu-
15 ously performed in the presence of water in an amount
sufficient to form a THF organlic phase (THF phase) and
an agueous THF/catalyst phase, whlle controlling the
retention time (V/F) of THF in the reactor {wherein V
represents the volume (m3) of the liguid 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 liquid per unit wvolume thereof
{wherein P represents the motive power (kW) applied to

the liquid in the reactor and V represents the volume

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




31 January, 2004 37 it is preferred that the VVF value is selected within

t he above-nentioned range. In order to produce the PTMG of the present
inven 5 10 15 20 25 tion) that is, a PTMG having a nol ecul ar Wi ght
distribution of 1.8 or less and a content of high nol ecul ar wei ght PTMG

nol ecules of from2 to 5 % by weight, the following three factors should be
considered for determ ning the polynerization conditions: the specific
gravity of the aqueous THF/catal yst phase, the V/ F value and the notive
power (P/V) of the reactor. For this reason, it is difficult to univocally
determ ne the specific nunerical value range of the notive power. In
general, when the V/F value and the volune of the agueous THF/ cat al yst
phase are fixed, the higher the specific gravity of the aqgueous
THF/ cat al yst phase, the higher the nunber average nol ecul ar wei ght of
produced PTMG Wien the specific gravity and vol une of the aqueous
THF/ cat al yst phase are fixed, the |Ionger the V/F, the higher the nunber
average nol ecul ar wei ght of the produced PTMa In the present invention,
when the specific gravity of the agueous THF/ catal yst phase is in the range
of from1.8 to 2.3 and the V/F value is fromO0.5 to 20 hours, the P/V val ue
shoul d be maintaned at 1.3 kWnB or nore. In view of the fluctuation of the
operation conditions during the production
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31 January. 20841388fofrmiekde biTMeasufcinige afidV aduse 1ing nthientspiecddiat 1. 6
KWn8 or nore) it is possible to stably produce the PTMG of the present

i nventi on havi ggaginyl edulthe wgugonsdiTsE/idattalystophhse dio [1ass tand .8
content of high no 5 | ecul ar weight PTMG nolecules of 2 to 5 % by wei ght.
Her ei nbel ow, afcefpl &varciomtriod rrhee amountr efpaatero coeardimgttiedudes the

pol yneri zation reactor with a stirrer) which is used for producing the PTMG
of the present hpkerepolygcifiy THReepwpyaerilant wehghtadistrihytbenor may not

be equi pped with a baffle on the inner wall of the reactor. It is preferred
that the pol ynBFPPEEtd®S edcttdve jobtained PTMG can be controlled 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 liquid per unit volu-
me of the reactor.

It shcould be noted that Unexamined Japanese Patent

15 Application Laid-Open Specification No. 63-30932 (cor-
responding to U.S5. 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 1s a correlation between the

20 amount of water coordinated to a heteropolyacld 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 welght distribu-

25 tion of the obtained PTMG 1s narxrow, 1t contalns no de-




equi pped with a baffle. Wth respect to the liquid contents in the polym 15
erization reactor, the L/D value (wherein L represents the depth of the

| iquid contents in the polynerization reactor and D represents the dianeter
of the polyneri zation reactor) is fromO0.5 to 10, preferably from1l to 3
20 There is no particular limtation with respect to the norphol ogy of the
I npell er. For exanple, the inpeller is selected froman anchor inpeller, a
turbine, a propeller, a plane blade puddle, a curved bl ade puddle, a
Pfaudl er type inpeller, and a Bulmarzin type im25 peller, preferably from
an anchor inpeller, a turbine, 31 January. 2004 39
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a propekler an - hi BRe ke kAR 10kuaa edilghadaier a
pi tchedl':'bl ade. gl}ﬁgﬂ\?mhgflhwo?%t he bl gdg? greatly varies depending on the type

(mor phol ogy) OEr&Bﬁthﬁaebh:%E)eﬁ&@si,s the phadentulidfientions hesre Foan8 nunber
of the bl ades attached t0 the shaft of the impeller is generally from1l to

10, usually frefrt tBedSmoliewRvesr wdidhpailsiritamiieg mropertdes ek bl ades
and an inpeller having only one bl ade can be used w t hout causing any

probl em 10 W phrMeesR@Che! @onterolilati @rddisdlypatitdrouti tchangimaf diheed t hat
the value d/D (wherein d represents the dianeter of the blade of the

i mpel | er, whi chundbeirWav@rasyd arg e ldre wekmhith tifendud Hwmdordiralddng

i npeller; and D represents the dianeter of the polynerization reac 15 tor)
is fromp0. 1 tothedTeterdfiemaltiimeg rafinthed mananex (HHEF hrvatkeh paehfyd®f t he
revol ution speed of the stirrer greatly varies depending on the structure
of the inpell etheTharteflorst, phase ool lr i kpeding et (95Nt s
controlled in accordance with the structures 20 _of the reacto Pd I mpel | er
so as to give ammitie GRRaivye)te the veHung st (e r%ﬁb’v’é‘?u%a@f@al ly, it is
preferred that the inpeller has a structure such fhat_a Ierge qg;ﬁxp,pomer

i s obtained by GRtAFFY RRASA i Bh R AP2SETer EP nHRS F728 PRt exXplanati on

's made with reconSSildé]:f:ienéJaéga't 21(:)1(1:):;1 substantial time of reaction can be

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

20 molecular weight of the PTMG at a constant value.

In the above-mentioned polymerization 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 determinatiocn, the molecu-




40 spect to the influence of the notive power (P) on the nunber average
nol ecul ar wei ght (Wn) of a PTM5 and the nethod for estimating the
magni t ude of the notive power used in a prior art docunent, based on this
in 5 fluence and effects thereof. The notive power (P) not only determ nes
the no | ecular weight distribution (Mv M) and the content of high

nol ecul ar wei ght PTMG nol ecul es (whose nol ecul ar weights are at | east six
times as large as the nunber 10 average nol ecul ar wei ght of all PTMG

nol ecul es), but also influences the degree of polynerization (in other

wor ds, the nunber average nol ecul ar weight of a PTM5. Especially when the
notive power is lower than 1.1 kWn8B, the influence of the notive power on
t he nunber 15 average nol ecul ar weight is extrenely large. Until now, many
pat ent docunents disclosed the production of a PTMc from THF and water in
the presence of a heteropol yacid catal yst. However, none of these patent
docunents descri be the notive power used for
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20 prodsci ng thealthbn-EbembactriFhairghigcyahiagki ednitaihhagmat peeymewer
applied to the liquid in the reactor causes the variation in the nunber
aver age nol ecuand aeirghttabnafBIMedhagubeas THEd¢atalyshephiaset arene by the
present inventors. 25 The present inventors have chosen the above 31
January. 2004 matuehiyodédpExaednda éaphnetbePabeth Appitheatfioom Pdbl i cati on
No. 63-30932 as a typical exanple of the prior art docunent in this
techni cal fiel dlohndesendlice epohymenbrathgnofegxbhphels oonshfierpdite art
docunent which 5 uses a phosphonol ybdic acid (the nunber of water
coor di nat ed t hEpkeoplageQingihg @SP&PV@tTHEM@@ﬁﬁﬂﬁéﬁl?haﬁﬁe pFRs@ft

I nventors conducted the reworking of nple 1 while varylng‘onl y the

mot i velBower . ﬁ8r93P€§uFthtﬁ@er8F§BF@ﬁ§hPE &R6n olaBeRdZOFd OFoKERCt he
rocu o 10 ShiSh et M AR Bl BB
Table 1 belom’pﬁggheis %%Ekﬁ%i%gma'ﬂgﬁwee é%e aqueous THF/catalyst
rhase and the THF organlic phase, and the state of par-
tition reaches an equilibrium under specific reaction
15 conditions and becomes staticonary.

Therefore, in order to obtain a PTMG having a
speclfic average number molecular weight, the retention
time of raw materlal THF in the agueous THF/catalyst
phase 18 controlled, so that the molecular weight dis-

20 tribution properties of the thus produced PTMG can be
controlled. With respect to the PTMG produced in the
agueous THF/catalyst phase, the polymerization reaction

proceeds as an equllibrium reaction, but the polymeri-

zatlion degree is considered to vary in accordance with

25 the retention time of THF (monomer} in the agueocus




0.4 2.6 17.9Mn950105011001150Cont ent of hi ghnol ecul ar wei ght PTMG

nol ecul es5. 65.44.94. 5(% by weight) 15 Table 1 above clearly shows that the
increase in the notive power causes an increase in the nunber average

nol ecul ar weight of a PTMG It should be noted that Exanple 1 of Exam ned
Japanese Patent Application 31 January. 2004 42 Publication No. 63-30932
descri bes that the PTMG havi ng a nunber average nol ecul ar wei ght of 1000
was obtai ned by a pol ynerization reaction conducted in a batchw se manner.
(I'n a batchwi se pol ynerization reaction, water 5 contained in a reaction
systemis consunmed in accor dance with the progress of the polynerization
reaction, and the specific gravity of the aqueous THF/ catal yst phase is
gradually increased.) From Table 1 above, it is easily estimted that the
notive power applied in 10 Exanple 1 is snmaller than 0.4 kWnB. Further)
the estimated content of high nolecular weight PTMG nol ecules is nore than
5.4 % by wei ght.
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enpl oyed in theé co i ona at chw se pol yneri Zation reaction of THF
was approxi nutgly. 0.4 kWn8, and that, therefore, the notive power required
in the present invention (i.e., 1.3 KWnB or nore) is a peculiar value in

this technical fielghy ThHes8abR17g PREMEYEBELATMrbobheNaYstPibEEPESt tO 20
t he anobunt of the heteropolyacid used in the present invention for

pol yneri zi ng Té¥. a HowR¥Er tnéheatbheiafivunineoli1 Eheibatebapoky anedmbnot he
reaction systemis too small, the polynerization rate is | owered.

Therefore, it mérp(efie)red that atjheowei THF/catatyst phaskeheBBsetopbéyaci d
to the nmononer (THF) is fromO0.05 to 10, 31 January. 2004 43

advant ageous| ybfoadedelip Shekkaks fioef aaredwilhgt thhempodeicular wedahdl une of
t he agueous THF/ catal yst phase to the volune of the liquid in the reactor
is fromO0.19 tdi8t8ibuElionhher, ai BTHGdetheo retentideona tPMRGCASEri§uiign
desired) predeterm ned val ue of nunber average nolecu |l ar weight) the

speci fic gravio§ thetmengmesods the egugops: THE{sated vedi PhESEe@®PABhi n t he
range of from1l.8 to 2.3. The water in the reactor is consuned during the

conti nuous pol yaebPpzaeraavedact Thh, rebensienr tmaust bler BaNPREE the
TF cat al yor pREGSRRERNA MHE) R85 pasiin B e Gl g, contrblied, for
15 example, by controlling the area of and the time of
contact between the aqueous 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 1is controlled by
varylng the retention time (V/F) of the monomer in

the reactor. Specifically, V/F value is lncreased

25 for broadening the molecular weight distribution of




When the polynerization tenperature is too high) depolynerization of a
polymer is likely to occur, 15 thereby I owering the polynerization degree
of the polymer. Therefore, in the present invention, the polynerization
tenperature is maintained at 0 to 100 C) preferably 30 to 80 C. The

pol yneri zation reaction proceeds by the m xing 20 of the nonomer (THF) with
the heteropolyacid. That is, no solvent is necessary for this

pol ymeri zation reaction. However) if desired, the reaction system nmay
contain an inert solvent. For exanple, a saturated hydrocarbon having 5 to
10 carbon atons (which is used in 25 the bel ow nenti oned operation for

adj usting the hetero 31 January. 2004 44 polyacid content of the

pol yoxyt et ranmet hyl ene gl ycol) can be contained in the raw material liquid
in an anmount of 1 % by weight or |less, preferably 0.3 % by wei ght or |ess.
5 The desired PTMG of the present invention can be obtained by obtaining a
reaction mxture of a ringopening polynerization reaction of THF and

adj usting the heteropolyacid content of the obtained reaction m xture to 10
to 900 ppb by weight. The heteropolyacid 10 content can be adjusted by
conventional nethods) such as a nethod disclosed in Unexam ned Japanese
Patent Ap plication Laid-Open Specification Nos. 61-118420, 61115934 and
61- 123629 (each corresponding to U. S. Patent No. 4,677,231). However, it is
preferred that the
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15 hetegopol yaci d gepeRBiohStafEUaL 88rb¥udiORt BOdtHBI mbnoMEPr iseshéhe
followng steps (i) to (vi): (i) separating the polynerization reaction
m xture into a reasffh@busOTHPdcagudgss phibbeatal gohtpbhledaby warying
reaction-fornmed THF organi ¢ phase containing a 20 PTM5 and obtaining the
THF organi ¢ phase thatmbting pover (B1V)dappilibdngoothealpguidobper THF in
t he obtw ned THF organi c phase, to thereby obtain a PTM5 concentrate; 25
(11i) addi ng at | easftomelvmeutheredolfyddioc&hboneacsoriartpeyltboplhlys
having 5 to 10 carbon atons (C5-Cl p saturated hydrocarbon) to the PTMG
concentrate so thaP/¥ valueyds geszeagsednfarnbrgadepdrgi sheomoipeular

het er opol yaci d di ssolved in the PTM5 concentrate) and an _organi c_phase
(conpo3fd 5 mai nl ywetghke ddss¥dbrEdonorEd tigt BP&E’E‘&rhy&P&&?‘BoR/Xnd PTMO)

are formed, and subseguently renoving the cata | yst ghasei gi&) after
renmoval of the cat ¥RJ&f pRadbcrégsed for narrowing the molecular

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
15 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
20 varying the V/F value 1s 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 monomer

in the reactor. When the average retention time is

25 long, the retention time distribution of the monomer in




jecting the organic phase to a treatnent with an acti 10 vated carbon so
that the heteropol yacid dissolved in the organi c phase is adsorbed on the
activated carbon and renoved fromthe organic phase; (v) distilling off THF
remai ning in the organi c phase so that a saturated hydrocarbon phase and a
PTMG 15 phase are forned, and subsequently renoving the satu rated

hydr ocar bon phase; and (vi) after renoval of the saturated hydrocarbon
phase, distilling off the | ow boiling point substances contained in the
remai ni ng PTMG phase under reduced 20 pressure, so as to obtain a PTMGin

whi ch the hetero polyacid content is adjusted to 10 to 900 ppb by weight.
Her ei nbel ow, the above-nentioned steps (i) to (vi)
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THF/ cat al yst pﬁase. He rizatron reaction mxture is withdrawmn 5 from

the reaction syat eflbal Ll SAME) &t a3y sk Prindled telockiss fleed)0ant t he

nmononmer (THF) and I ntr Int0 a phase-sSeparation vessel (such as a

decanter), to tpgr [?.Bie%%ﬂ%&a%%ﬂglﬁ% Rati1Ph o Wee thY @rdduera PanGor med
THF organi ¢ phase (conposed nainly of THF and 10 the PTM5 and a

reaction-for mregdeagnaeubrbddesat atystrabgseo the abbvergahen phas¥/Fs
w t hdrawn fromthe phase-separation vessel and subjected to the next-step

treat mgpt . Thevagpar alsederternisa , THiHC atetlepati qrhasine 1 irsstoyidiugd oo afhe
reaction system
the monomer in the aqueous THF/catalyst phase becomes
small, and the molecular weight distribution of the
produced PTMG becomes nﬁrrower.
In accordance with the above-mentioned mechanism,
i5 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 1is, by
20 varying the P/V value. When the value of P/V applied
to the liquid in the reactor is varled, the average
particle diameters of globules of the aqueocus

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-




15 The THF organi ¢ phase contains 4 to 30 % by weight of the PTM5 and the
hi gher the degree of polynerizetion of the PTM5 the higher the PTMG
content of the THF organi c phase. For exanple, when a PTMG havi ng an Mh of
approximately 1800 is produced) the PTMG content 20 of the THF organic
phase is approximately 23 to 25 % by weight. Step (11) Renoval of a portion
of THF in the THF organi c phase by distillation: 25 A portion of unreacted
THF in the THF organic 31 January. 2004 47 5 10 15 20 phase is distilled
off to thereby obtain a PTMG concentrate. The weight ratio of the THF
remaining in the PTM5 concentrate to the PTMGis 0.1 to 3) preferably from
0.5to 1.5. Wien the weight ratio of the remaining THF is less than 0.1,
the efficiency of phaseseparation of the catal yst phase (which occurs in
Step (iii) described below by the addition of a saturated hydrocarbon to
the PTMS concentrate) becones |low. In other words, the anbunt of the

het er opol yaci d (di ssolved in the THF organi c phase) which is renoved by the
phase-separati on beconmes small. This | owering of the efficiency of the
phase-separati on can be explained as follows. Since the solubility of a
PTM5G in a saturated hydrocarbon is |ow, when the weight ratio of THF
remaining in the PTM5 concentrate to the PTMGis low, the mxture of the
saturated hydrocarbon and PTMG concentrate is readily separated into a PTMG
phase and a hydrocarbon phase. This phase separation results in a | owering
of the efficiency of phase-separation of the catal yst dissolved in the
PTMG On the other hand, when the weight ratio of the remaining THF is nore
than 3, the remai ning THF functions as a good solvent for the

het er opol yacid and | owers the efficiency of phaseseparation of the catal yst
phase.
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on O hé resultent mXture into

a catal yst phagg and 30,9090 ¢ phages RoEYph 65 rAhe sehutat od-hydr ocar bons

to be added to entrate i nc sat urated hydrocarbons,

such as ool ongyLANe o el UK FUCHN SRl MR AUAKAGE N BuisaichieRanane,

cycl odecane, n¥ opentare, ne cycl ohexane, 2-ethyl hexane, pentane,

hexane, 10 hepiane; Q{rtear&%vifﬂ?j‘aﬁeon@%éje&@%e Thes rsaidl aledty ditdear bons

can be used individually or 1 conbination. The anmount of the saturated

hydrocarbon used iphdded™ ¥@ 48 FPp¥rRvitehafht thel ebebakliynf rame3@ite 80 %
by weight, nore preferably from 8 to 70 % by weight) 15 based on the total

wei ght 1@f a | i qiibudpdnr oliai et atldi tige tdruesaisirPHRCdalrysar bon to
the PTMSG concentrate. In this step (11i), two liquid phases, nanely a

cat al yst phase prriicidim e Eaitrellad bnevdryimopdie Rolueief RN @bred i n
the PTMG concentrate and an organi c phase conposed mainly of the saturated
hydr ocar bon angIREWG tarehd orheuid The tae atgactghand | sthewefered Hnd
renoved fromthe organi c phase, and the organic phase is subjected to a
treatment with ian ak<o veessihe bom ¢ontsol hehe upekeciekar svebdht Jis-
tribution of a PTMG by varying the P/V value.
15 Specifically, when the P/V value is 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 mclecules in the catalyst phase to be-

25 come uniform and the retention time distribution of the




31 January, 2004 49 Step (iv) Renoval of the catalyst in the organic phase
by the treatnment with an activated carbon: In general, the heteropolyacid
content of the or 5 ganic phase (which ie subjected to step (iv)) is 1to
100 ppm When the organic phase is applied at a rate of 100 kg/ hour to a
colum packed with an activated carbon) the activated carbon is used in an
anmount such that the 10 absolute value of y represented by the follow ng
for mna (4) is in the range of from5 to 100:




y = a/l ~5(4) wheetiweea ithet hwoapbases( gl dhet boalesiceacedreddndaloand ~ is
t he heteropol yacid content 15 (ppm of the organic phase. In the step for
removi ng t he héreavpokyaeifd thei wdobulest itpabegongr Besromses .t BAdt ERPer at ure
of the colum packed with an activated carbon is nmaintained within the
range of from Feteptégnctime dietmibutdon: oft e POTOBRKedn the cata-

het er opol yaci d_and the activated carbon is controlled within th Lfgge of

from5 to 60 ni¥gtePhase BOcHREOMSoIHMN% t BSeqsTPYULE} udt PTH R
et er 000l oot doSEL e 120 A ol el EHR A AR 04 PRE MR Dol 16
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 to
control the molecular weight distribution of a PTMG
without varying the number average molecular welght
15 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 (l1.e., a reciprocal of the motlve power
applied to the liquid per unit volume of the reactor)
and the V/F value (i1.e., the retention time of the

monomer) are increased simultaneously or successively.

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




pol yacid content of the organic phase. The treatnment of the organic phase
with an activated 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 heteropolyacid is renoved fromthe treated
organi c phase by filtration with a filter. By the above-described treatnent
with an activated carbon, al nost all of the heteropolyacid contained in 10
the organic phase is adsorbed on the activated carbon. However, with
respect to the heteropol yacid nol ecul es which are interacting with the
term nal hydroxyl groups of the PTMG nol ecul es, the adsorption of such

het er opol yaci d nol ecul es on the activated carbon is in a 15 specific
equilibriumstate. Therefore, it is possible to preserve the heteropol yacid
nol ecul es which are interacting with the term nal hydroxyl groups of the
PTMS nol ecul es, in the organic phase with high selectivity. Wth respect to
t he heteropol yacid nol ecul es which 20 are interacting with the term nal
hydr oxyl groups of the PTMG nol ecul es) their heat stabilization action
resuiting fromthe suppression of the thermal notion of the term nal

hydr oxyl groups of the PTMG nol ecules is strongly exhibited than their
depol yneri zing action 25 which is conventionally considered in this

t echni cal 31 January 2004 51 field to be the adverse effects of the

resi dual heteropolyacid catalyst. Accordingly, the heat resistance of the
PTM5 i s enhanced by the presence of the heteropolyacid in a specific
anmount .




5 That %s, by the S&#Hisitesctheecabeveanaphionpdhmehhadsi (bl een@aftdbn, the
anount of heteropol yacid con tained in the saturated hydrocarbon is
rendered ex tr%ﬂ@l9°$BﬁplhhﬂgtﬁéevapﬂaﬁpéﬁrlHeiﬁétaﬁﬁﬁ ripptipa prop-

het eropol yacid repaining in the PTMsis kept to a mni 10 num so that the

amount of the ?Eﬁ%ﬁ%p%?yEEPdPWHFec&Fe?ePHPQPaBPFﬁﬁb%FtH°tﬁEaP%YnPﬁ%T
B?g&g?gln?;23Q$a§%e£hg55§¥§ n? ¥ﬁ§é§%9é?n ?Qaggé%gPBtgbiﬁﬁdﬁﬁgaFﬁﬁn phase
the or gani ¢ prekeb aEe PO LRECIEF G8TaR . AP bh ph et PReRE P PE arRe T 1 o off
S0 thajgthe saturatgd DygroPa POk "pige I8 MEtRBESEor polymerizing

THF 1s explalned in detail.

First, operation conditions for producing a PTMG
having a speciflc number average molecular weight are
determined by conducting a test coperatlion. Speclifi-

15 cally, a PTMG 1s produced by subjecting THF to a ring-
opening polymerization reaction in a continuous poly-
merlization reactor with stirrer in the presence of a
heteropolyacid catalyst, wherein the ring-opening
polymerization reaction 1s continuocusly performed in

20 the presence of water, so that the water 1s present in
an amount sufficient tc 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

25 specific gravity of from 1.8 to 2.3.




20 can be renoved by phase-separation, nanely the separa tion into a

satur ated hydrocarbon phase and a PTMG phase. The THF concentration in the
still residue after renoval of THF is 0.1 %or |ess, preferably 100 ppm or

| ass, and nore preferably 50 ppmor less. By lower 25 ing the THF
concentration as nuch as possible, it be 31 January. 2004 52 cones
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 the
saturated hydrocarbon content of the PTMs phase and the PTMG content 5 of

t he saturated hydrocarbon phase. As a result, the yield of the

pol yneri zation product is inproved by the |Iowering of the anmount of the
PTMG di ssolved in the saturated hydrocarbon phase. Further, the | oad of the
“distillation conducted in the subsequent step (vi) for 10 renoving the
saturated hydrocarbon is reduced. Step (vi) Renoval of |ow boiling point
subst ances fromthe PTMG phase: Low boiling point substances contained in
the PTM5 15 phase (which has been separated fromthe saturated hy
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drocar bgn phasgymar fat4 V%déa-s 'ddn&;axowé&%re "rr%‘i‘é%%‘ia&f%%h% I'n

this distillation, the degree o vacuumis generally. 5 Torr | ess,

preferably 0.5aTenl 1@kaktdth W RRWRP lthe) rA2 L i¥nsmp |b%3:$feeﬁy con 20
ducting the distillation under the degree of vacuum as hlgh as possi bl e)

not only can tkgedndihihledtjdwart e A ovamedl il 1da§)'éfi' Whettime in
which the PTMG i s exposed&{o a high tgﬁggiature IS sho?#ine As a result,

a thermal decokposinel @F ahd edtide diid Rhe? mdludiaat iWdidihtomiiss
suppressed. Therefore, it is 31 January 2004 53 preferred that the

di stillation i $rdboaddeinepnoptart ide ofegitee MG, a@ndnaascdliigirasd ognossi bl e.

In addition) the distillation tenperature is generally in the range of from
60 to 160 C, prefeealshpywing Hhe amgjatdforfstdm Tt tween 3@ CetfI¥MIomavi ng t he

het er opol yacid content of from 100
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 polymerl-
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 mclecular weight of the
produced PTMG is different from the deslired value so as
20 to produce a PTMG having a desired number average mo-
lecular welght; |
(c): a step of determining the molecular weight dis-

tribution properties of the produced PTMG when the PTMG

has the desired number average molecular weight; and

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




ppb to 900 ppb is obtained by conducting the above nentioned steps (i) to
(vi). 10 As described above, the PTMs of the present inven tion can be
produced by a nethod which conprises: subjecting THF to a ring

openi ng- pol yneri zation reaction in a continuous polynerization reactor with
stirrer in the presence of a heteropolyacid catalyst, 15 to thereby obtain
a PTMG having a specific nolecular weight distribution properties; and

adj usting the heteropolyacid content of the PTMG by renoving a portion of
the catal yst (heteropolyacid) fromthe pol ynerization reaction m xture. 20
Her ei nbel ow, an explanation is nade with respect to the nethod. for
produci ng the PTMG of the present in




calLlopratlion curves opltallieqd 1l SLop (4d) uddobild Al AL

e A o v
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aqueous T Soubly@Nafh 2418LR1ABCIKACHELAGR! Boved! (230yabia 280dnod 1yst)

(her ei nbel ow, utron 1s referred to as'the 'catalyst solution' (CS))

s introduced £0b0 EPRL PYOPS Al WEROrEANCANWitACkAE Sotguchpadonllh
stirrer 1, and the resultant ‘reaction systemin reactor 2 is stirred 5

vigorously. Ther-spechf bardeaVi b @fs e epdlbaley sl PIBIGU haivang( @Skirklle
retention time (V/F) of THF and the notive power (P/V) applied to the

liquid per unifoYekiMBroketilittr AN bUdics Propedrtdach tol ber prodacefor e,
for producing a PTMG having a specific nolecular weight 10 distribution

properipes, the pol yAegenairadn @f hidhlys purel @HFed conded ndogd impumd -wher ei n
the specific gravity of the catalyst solution (CS), the V/IF value and the
P/V val ue are appsophi ainelaynosmtecife d dssorhhare Sovame vy oieddhtand®s. During

the pol yneri zation reaction, :

used as a raw material for preparing the calibration
curves in step (a). Whereas, in step (b), THF 1s recy-
cled to the reactlon 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 variles to

25 some extent, depending on the operation conditions of




15 THF is continuously fed to reactor 2 and water fromwa ter feeding tank
3is fed to reactor 2 so as to maintain the anount of water coordinated to
the catalyst (in other words, so as to naintain the amount of water in
reactor 2) at a desired, predeterm ned |level. The 20 pol ynerization
reaction mxture is continuously with drawn fromreactor 2 and transferred
to first) phaseseparation vessel 4 so as to be separated into a
reaction-formed THF phase (upper phase) and a reactionforned aqueous
THF/ cat al yst phase (CP) (|l ower phase). 25 The aqueous THF/ catal yst phase
(CP) is recycled to re 31 January, 2004 55 actor 2. The THF phase
(containing the PTMG produced by the polynerization reaction) is wthdrawn
from phase-separati on vassal 4 at the sanme rate as the rate of the feeding
of THF. 5 The THF phase wi thdrawn 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 PTMG concentrate. The PTMS concentrate
S
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a sol ut gon of BdMuerdiali etalle PAMEGCIO®RIY G . 0lnhagepO(Bpenthacreased in
distillation vessel 5. The PTMG con centrate is introduced to second,

phase- separ at i aptiess elon@i tAond oy preducdnig (FEMA sureh deteam@Ife@ldn
saturated hydrocarbon) is added to the PTMsG concentrate in second)

phase- separ at i agcossanices witid tifet erommedted tded 1k5 addlone muraned .t he PTMG
concentrate by stirring, the re sultant mxture is separated into two

| i qui d phases. By t Hegedhdedosopar furdhers egplanatiioshdse made) wddht ai ning a
portion of the catal yst dissolved in the polynerization reaction m xture

( PTMG concent r ZeSpezd (Hoovidre hest-nment lonest gliars disdcdfosed mainly of
the organic solvent (S) and PTMG (upper phase) are forned. Subseguently,
the catl® yst phase é&ﬂ&Lﬂ§Qﬁen396dFe pEipeghilREngmeRgaihe PRACEVIET

subjected to an adsaorption treatnent_w th an actjvated caggon _AC; by, 25
for exanple, iMedSikciHF HHPYIPHiE ghdsB1G R BrPrecetery . 2004
56 5 10 15

number average molecular welght, the P/V value and the
V/F value are obtained in the form of emplrical formu-
lae. The tolerance in the number average molecular

15 welght (i.é., the difference between the desired number
average molecular weight and the actual number aver;ge
molecular weilght of the produced PTMG) varies depending
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 i1s used as a starting material for a re-
action, it is more preferred that the tolerance in the

number average molecular weight is x 30.

25 For example, when a PTMG having a number average




20 25 7 packed with an activated carbon By this adsorption treatnent,

al nost all of the catalyst dissolved in the organic phase is adsorbed on
the activated carbon (AC), but a portion of the catalyst which is
considered to be interacting with the term nal hydroxyl groups of the PTMG
nol ecul es remains in the organi c phase. The organi c phase which passed

t hrough colum 7 packed with an activated carbon is introduced to
distillation colum 8 to distill off THF fromthe organic phase. THF is
distilled off fromthe organic phase in an anmount sufficient to cause
phase-separation of the organic phase into an organic solvent (S) phase and
a PTMG phase. That is, it is not necessary to renove all of THF in the
organi ¢ phase. After renoving THF, the resultant organic phase is

i ntroduced into third, separation vessel 9 so as to separate the organic
phase into two |iquid phases, nanely, an organic sol vent phase and a PTMG
phase. Next, the organic solvent phase is renoved from separation vessel 9
and the remai ni ng PTMG phase is introduced into vacuumdistillation vessel
10 (such as thin filmdistillation apparatus). In distillation vessel 10,

| owboi I i ng poi nt substances (LBPS) (such as remaining THF, the organic

sol vent and THF oligoners) are distilled off, thereby obtaining the PTMG of
the present invention. 31 January. 2004 57 By the above-nentioned nethod,
it becones possible to stably conduct a commercial scal e production of the
PTMG of the present invention which has an adjusted content of

het er opol yaci d and specific nol ecular weight 5 distribution properties. The
PTMG of the present invention can be used in the formof a PTMG copol yner)
i.e., a copolyner of THF with a nonomer of another ether type polyner.
Exanpl es of the conononer to be copolynerized with THF incl ude
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10 3-nethyl -tetrahydrofuran, 1,2-propyl ene oxide, 3-nmethyl oxetane and the
like. 1! such a PTMG copol¥win =+ He(éoRl%ent of the conpd@deradfits is 20 %
by weight or less, preferably 10 % by wei ght or |ess, based on the wei ght
of the PTMG copol ymer. 15 The PTMG of thqlpresent i nventigon exhibits im
proved properties with redfetnto Ket®/Y¥si stance and | d@d)viscosity. By
virtue of these excellent properties, not only can deconposition of the
PTMG during the stosegeebe KyUpgl eKSedndbft agpbseohbtantsunhioh a stabili zer
20 can be decreased. Further, thermal deconposition of PTMG being forned
during the pol ynericanibba experimentailppeterwindferefore, the PTMs of the
present invention can be advantageously used for produci ng high perfornmance

elastic fibers, suchter fbpe| Jinder eonditions detrymined s89pHAS et hane
elastic fiber. 31 January. 2004 58 BEST MODE FOR CARRYI NG QUT THE
| NVENTIHON Her ePbbeinwe PERMGpha¥dRe Andesirsd wmpebeayeTragei BederHlfb: e
detail with reference to the follow.n Exangles, Sbgﬁgrﬁ%ive ;xa l.es and
Test Exanpl es, "BE¥PE- { ReDOIKBEE 4 2R5(OPe TEBNLLPR T2 T 5t PRIEPIE®Scope of
in the presence of water, wherein the water is p:esent
in an amount sufficient to form a THF organic phase and
an aqueous THF/catalyst phase which has a specific
15 gravity of from 1.8 to 2.3, while maintaining the
speclfic gravity of the aqueous THF/catalyst phase.
Subsequently, the number average molecular welght of
the produced PTMG i1s determined. When the determined
value of number average mclecular 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 heteropclyacld, the reac-

tion temperature and the like) are regulated by conven-

tional methods so as to- obtain a PTMG having a desired




the present invention. In the follow ng Exanpl es, various properties were
nmeasured using the followng instrunents and by the follow ng nethods. 10
(1) GPC i) Instrunments GPC apparatus: Shodex GPC system 11 (nanufactured
and sold by Showa Denko R K., 15 Japan) Col umm: Shodex OH pack

(manuf actured and sold by Showa Denko K R, Japan): SB 806 M (2 col ums)
SB B02.5 (1 columm) 20 11) Conditions used for analysis Detector:
Differential refractometer Columm tenperature: 60 C Carrier (eluent): 0.02

nmol/liter Liar solution of dinethylacetam de 25 Flow rate of carrier: 1.0
m/mn
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31 Janu&ry. 2004 59sAempuritd)af Wheacthd manpkalaiOWeidhPr apataibabioh a
sanple: 0.8 % solution of PTMGin the above-nentioned carrier. 5 (2)
Viscosity i) | psoperddies Afpahet FIMG wWhichphanies deaat etete@miined |1ler E2 and
Circul ating constant-tenperature bath VCH 4 (each manufactured and 10 sold
by TOKI MEC) Japidep 1) Ghedie iages disdbrent riccsurtihey dessloms] twallmsper at ur e:
40 C (39 to 41 C) Revolution of rotor: 20 rpm 15 (3) TGA (Thernogravinetric
anal ysis) i) | e Ffdhtvadmeaandisher N /B 5@ vmraracagdatad golacanr-TA
Instrunent, U . S.A) 11) Conditions used for analysis 20 Rate of increase in
tenperature: 1688C% ¥ikdhjdeorcaldhrathan cwses fommdias) ebidaad

tenper%ture to 500 C Atn%sphere used for anal ysis:
0 in step (a) above so as to control the molecular welght

distribution properties of the PTMG.

If desired, steps (b) to (d) are repeated until a
PTMG having both the deslred number average molecular
weight and the desired molecular weight distribution

15 properties 1s 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

20 - 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

25 is large, the reaction time becomes long. Therefore,




Ni t rogen gas atnosphere (purge tine: 1 hour) 25 60 31 January. 2004 (4)
Met hod for determ ning a heteropol yacid content Heteropol yacid content of
PTM5 i s determ ned by neasuring the concentrations of tungsten, nolybdenum
and vanadi um contai ned in a heteropolyacid. The total 5 of the tungsten,

nmol ybdenum and ni obi um concentrations is used as the heteropol yacid cont ent
of the PTMG A. Apparatus: PQS2-type | CP-M5 (manufactured and sold by VG 10
El emrental , England) B. Method for | CP-Masa Spectronetry: O Approxinmately 5
g of a sanple PTMGis placed in a quartz crucible.
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15 Thecruci ble,gontainifng 1t e Gl ishd1edih den tC AL imgH v lsawp! e,

t her eby “obt ai ni'ng "a deconposition product. To the deconposition product

obtained in st qo:aGRNGH:S AR deuils B %dhlDG G i% IncMbigIti20 (i on.
an

Then) the resu mxture 1's heated on a hot plate to dissolve the

deconposi tion REdych tidi it thEOFIHids atich B/ s i ons 1dwmrabyfabt ai ni ng
a sanple solution. To the sanple solution is added 0.1 m of an aqueous 25

1 ppm i ndi um (lga)teyMAHIR) Bfe giolier nadt Sémncandi t1o18d: Jaheaspec2o04 61
Water is added to the m xture obtained in step above so that the final

vol ume of the salditgraiyiey clreshe tTaadeoud HEHBOtata s bipased the St s
subjected to 5 | CP-Mass spectronetry. C. Preparation of a calibration
curve: 10 value and the motive power (P/V) of the reactor. For
this reason, it 1s 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
agqueous THF/catalyst phase are fixed, the higher the
15 specific gravity of the aqueous THF/catalyst phase, the
higher the number average molecular welght of produced
PTMG. When the specific gravity and volume of the
aqueous 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 1s
in the range of from 1.8 to 2.3 and the V/F value 1s

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




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

I ndi vidually prepared for each of 10 tungsten, nolybdenum and vanadi um
Specifically, a series of solutions containing one netal species in various
concentrations (5 to 10000 ppb by weight) is prepared. 0.1 m of an
aqueous 1 ppmindium (In) solution as 15 an internal standard is added to 5
g of each of the standard solutions prepared in step O individually)

t her eby obtaining m xed solutions. Water is added to the thus obtained
solutions so that the volunme of each solution becones 25 m. 20 The

resul tant solutions are subjected to | CP-Mass spectronetry so as to prepare
a calibration curve.




distribution of 1.8 or less and a content O LLYL T2~
D, Detersination of & heleropoLiae dFRMLPIL I £sReg! byeagsagentralions
and vanadi um  ExanpESke Suhatgxy e SEALERGF N 57, MEFe (BIRR) FRsRsRty (it
uoing (e pr odbeL oh oy TSR LR Bl v Bl ShocRobcbeapal wectdor
2 3-vay cock haWhhGh hecBoPBshaR: PRYCHRALS. Gher £ThCeatn ad hos ot tached

thereto a condensegiand an eggplant type flask for collecting and storing a
distillate prodﬁeg 89’the condenser, so that the contents of the reaction

gfzzﬁLiﬁgnabe diStilEﬁg'pgﬁ§mé§iEQ%ioﬂr%B%b%@rVQQQIb@noteﬂﬁglnwasbased f or
equipped with a baffle on the inner wall of the reactor.
It is preferred that the polymerization reactor 1s
equipped with a baffle. -
With respect'to the liquid contents in the polym-

15 erization reactor, the L/D value (wherein L represents
the depth of the liguid contents in the polymerization
reactor and D represents the diameter of the polymeril-
zation reactor) 1s 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,

a 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,




het er opol yacid catal yst solution. 1 liter of tetrahydrofuran (THF) and 600
g of silicotungstic acid dodecahydrate were introduced into the reaction
vessel in this order, and stirred at 60 'C, while continuously 20 renoving
an azeotropi c vapor of water and THF fromthe reaction vessel. The specific
gravity of a solution being fornmed in the reaction vessel was periodically
measured while feeding THF to the reaction vessel every 10 mnutes so as to
conpensate for the total amount of 25 water and THF renoved fromthe
reaction vessel. Wen 31 Januarv: 2004 63 the specific gravity of the

sol ution becane 2.1) the reaction was termnated to thereby obtain a

catal yst solution, nanely, a solution of a heteropolyacid catalyst in a
THF/ wat er m xture. 5 Next, polyoxytetranethylene glycol was produced by the
foll ow ng operation. Reactor 2 having a capacity of 500 m was equi pped
with stirrer 1 and a reflux con denser. 110 nml of the above-obtai ned

catal yst solution (CS) was charged into reactor 2 and 310 m of THF 10
(mononer) was added thereto to thereby obtain a reac
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tion system comgnberdobff theTbltadegaattaphedetantthanshegfitonf ThEe/ tatal yst
phase. The obtai ned reaction systemwas stirred at 60 'C whil e maintaining
the notive poveeller\isagpnprcdliy €£rem| lqbpdlper ugnefilyofuns af te53t he
reactor at 2.0 kWnB and while feeding THF to reac for 2 at a rate of 28

m / hour, to th%@@%yeﬁbtQPn1§P9éﬂ?ﬁehﬂ?éﬂgomoréa§bﬁantﬁbe&ﬂée§oﬁBﬂiang a
reactlon formed THF. organi ¢ phase containing a pol yoxytetra nethyl ene
glycol and a r ?%6ﬁrfBﬁﬁé89a83é8u9n20b¢ﬁﬁﬁc&P&IP§tuﬁﬁ§s@it¢ﬁ8tretent|on

time (VIF) of THF #n react or é was 15 hours. During the reaction) water was
fed to react or°2"¥1Bth RBYePTP %8an tank 3 so as to maintain the specific

0L} Pt e aucqyp TEERGRLRL YS! LRRTRERR! of; PrerhBedf, BE 98 4ot =2

preferred that the value d/D {wherein 4 represents the
dlameter of the blade of the impeller, which is twice
as long as the length of the blade of the impeller; and
D represents the dlameter of the polymerlzation 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 varies depending on the structure of
the impeller. Therefore, the revolution speed of the
stirrer is 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 & structure such that a

large motive power is obtained by a slow revolution

speed.

25 Herelnbelow, brief explanation is made with re-




64 phase-separation vessel 4, thereby separating the reaction mxture into
two phases, nanely an upper reactionfornmed THF organi c phase containing a
pol yoxyt et ranet hyl ene gl ycol and a | ower reaction-fornmed aqueous 5
THF/ cat al yst phase. The upper phase was withdrawn fromfirst,
phase-separation vessel 4 at a rate which is the sane as the rate of the
feeding of THF, while the | ower reaction-forned agueous THF/ catal yst phase
(CP) was recycled to reactor 2. 10 The upper phase withdrawn fromfirst,
phase separation vessel 4 (i.e., the reaction-forned THF organi c phase
cont ai ni ng pol yoxytetranet hyl ene glycol) was fed into distillation vessel 5
for renmoving unreacted THF. The THF concentration of the organic phase 15
was adjusted to 45 to 50 % by wei ght, thereby obtaining a

pol yoxyt et ranet hyl ene gl ycol concentrate. The above-nenti oned operation for
obt ai ni ng a pol yoxytetranet hyl ene gl ycol was continuously performed for 50
hours. Approximately 10 g of the pol yoxytetra20 net hyl ene gl ycol
concentrate produced during the stable operation of the reactor was sanpl ed
fromdistillation vessel 5 for GPC anal ysis. Specifically, |owboiling
poi nt substances were distilled off fromthe sanpl ed pol yoxytetranethyl ene
gl ycol concentrate at 60 'C under 25 1 Torr before subjecting to GPC

anal ysis. The results




31 Janulry, 2084uencegr ansh@fifeatstalerept.Further, 100 g of the
pol yoxytetramet hyl ene gl ycol concentrate produced during the stable
operation of the redBfofoldyesPowedt d& )t &othendy 198w q@ﬁ@r &heo M9 -f or

adj usting the hetero Cld 5 content of the polyoxytetranethyl ene glycol.
100 g of the pg b‘%ﬁ‘% o Wﬁﬂ’trﬁ”@ '-)1/ °§gcond,
phase- separ atlgg_ Xl(ra 6 120 é@%}'@ﬁ?’fré{és n( l'ﬁlg 0} ed to
second, phase gar I6 %5 RS arroom

" tenperature, §%¥ g?% xtur The obt.ai ned nlﬁéfre al | oned
to stand stil I %o ppr %att %G}PE{JE s Yo H?ﬁrg{%ea %fbu%vaeg
separatgd intoy [ RS OHS as CP) and
an uppe? organlc ph?Fe CUIa uﬁﬁ' Jgﬁgf%?égﬁbggﬁﬁt%' aséﬂﬂk gﬂils a

sol ution cont abmsla,gm@:mmeéset dJMe%‘%ﬂ'ﬁ&ﬂméﬁ%&a@ﬁﬁFd(iﬂ‘ im0 m

eggpl ant type flask which was warne n a water I ntained at 50 C.

Subsequently, d@ds0! WHeD hulfiserd R d8hd AR Qe IgHUBE @ aiTMey.ate of
100 g/ hour using a 20 punp. Adsorption colum 7 was a col unm packe Wth 1

kg of an acti vaispécdanign wia wHEl ndielvd | poweihats abwalst efhdracket i n whi ch
wat er heated to 45 C was circulated so as to naintain the inner tenperature

of adsorption ee/w¥ % WHER&icddhathe WMotAve |piler (GPRHXin@Eiy 2000
g) obtained from ad 31 January. 2004
15 average molecular weight 1s 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 motlive power used for

20 producing the PTMG. The facf that the variation in the
motive power applied to the ligquid in the reactor
causes the variation in the number average molecular
welght of a PTMG has been found for the first time by

the present inventors.

25 The present inventors have chosen the above-




66 sorption colum 7 was placed in a 300 ml eggplant type flask heated in
an oil bath maintained at 100 'C. The eggplant type flask was equi pped with
an O dershaw distillation colum (nunber of theoretical plates: 10). 5 The
eluate in the eggplant type flask was subjected to distillation under

at nospheric pressure with stirring to thereby renove THF in the eluate. The
residual solution in the flask was transferred to a 300 mlL separation
funnel used as third, phase-separation vessel 9. 10 In third,
phase-separation vessel 9, the solution was allowed to separate into two
phases,' nanely a phase contai ni ng pol yoxytetranethyl ene glycol as a main
conponent and a phase containing n-octane (S) as a main conponent. The

| ower phase (approximately 30 g) con 15 taining pol yoxytetranethyl ene

gl ycol was taken out fromthird, phase-separation vessel 9 and subjected to
vac uumdistillation in vacuumdistillation vessel 10 for 20 mnutes at 100
C under a reduced pressure of not nore than 0.1 Torr. Low boiling point
substances 20 (LBPS)) such as n-octane, THF and oligonmers, were distilled
off to thereby obtain PTMG The obtai ned PTM5 was approxi mately 23 g. The
nunber average nol ecul ar wei ght (M) and the nol ecul ar wei ght distribution
(MV Wn) of the obtained 25 PTMG was determ ned by GPC under the conditions

nmen
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31 Janlary. 20es$7a [piresphomdiybiid)aabdvéthdhpumbsenl 6 wateshosert n Tabl e
4. The heteropolyacid (silicotungstic acid) con tent of the obtained PTMG
was det er mi nedlinated vehetodesérPbedsi a coatalysl. alBpecifivally,

het er opol yacid con 5 tent of the PTMG was 300 ppb by weight. Exanple 2 PTMG
havi ng a narr e BEgeRt alnvieptersdeenduptedi thet haworking oof t BeaPTMG
produced in Exanple 1 was 10 produced in the foll ow ng nanner. The
operation for PoduciihblPoY§EXIRSt PRKE BYe cRet Vo cRPWRESs ST extkabult t he

same manner as_.in e 1) except that the anmpunt of the silicotungstic
acid sol ution R%t%?%?i%%?%woﬂ‘? REaFRRIMPhi¥et ReWRPEactB® WHEPERcR¥ased by

50 M Wthout 15 changjn he to volLume_of the liguid in reactor 2
(thus,*® he amﬁﬁﬁg%ﬁmﬁiﬁg%%ﬁfggﬁigﬁF00%hﬁ ?Eﬂ@tﬁ?dwﬁgedEEPEagEdo%o 260 nl)
and the feem'ﬁ&dﬁuﬁbfgcatgimggight 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 welght of a PTMG. It should be noted

that Example 1 of Examined Japanese Patent Application




42 mM/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 kWn8
whi ch was the sanme as that of Exanple 1. Wth respect to the produced

pol yoxyt et ranet hyl ene gl ycol, the nunber average nol ecul ar wei ght was 1940;
the nol ecul ar wei ght distribution was 1.65; and the 25 content of high

nmol ecul ar wei ght PTMG nol ecul es was 31 January 2004 68 2.98, % by wei ght.
Fromthese values it is understood that the nolecul ar weight distribution
of a pol yoxytetranethyl ene glycol can be narrowed w thout changing the
nunber average nol ecul ar wei ght thereof) by de 5 creasing the V/F val ue of
THF in the reactor. The heteropolyacid (silicotungstic acid) content of the
produced pol yoxytetranet hyl ene glycol was adjusted in the sane manner as in
Exanpl e 1, thereby obtaining PTMa The heteropol yacid content of the PTMG
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10 was g30 ppb:ctwtmgat1nFar£Q§etiéﬁes§w&.0b§aeeﬁsmbaaaﬂﬂl ugt&og-t he

het er opol yaci d content of the pol yoxytetranethyl ene glycol was anal yzed by

GPC. The resuldgndé SwSPRWEnENpF8ht8s4. o SthapblomerThet 0ORT 26a0D160]
produci ng pol yoxytetranet hyl ene glycol was effected in substantially the

same nmanner asand tH8nPpeciriexgeatvitrabr8bhalagheeuphvBpPhoavaypstc acid
solution having a specific gravity of 1.8 was used 20 as a catal yst

sol ution, the plaséalsagpatibadliy Thrcebasgad)i rrtdme Tatslod dr atmsveSAOLTl |, the
VI F value of THF in the reactor was 10 hours, and the feeding rate of water
was control |l edisoeasily asithmatadt bhatpebef motdvavpoyenf aphéiaduddus
THF/ cat al yst phase in the reac 25 for at 1.8. In addition, the P/V val ue
was 2.8o kW nB.ExaBplelantsr gmal08¢ GRaW Oh4r kWpmét tEuttieemn; odue eels -

pol yoxyt et ramet hyl ene gl ycol, the nunber average nol ecul ar wei ght was 1060:
t he mol ecul ar wegheddeenteblt p§nhiab morecudpy wrdght 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
15 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 field.
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 1s lowered. There-

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

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




content of high nolecul ar weight PTMG nol ecul es was 5 4. 35 % by wei ght. The
het er opol yaci d (phosphonol ybdi ¢ acid) content of the produced _

pol yoxyt et ranmet hyl ene glycol was ad justed in the sanme nanner as in Exanple
1, thereby ob twining PTMa The heteropol yacid content of the PTM5 10 was
600 ppb by weight. Further, the PTMG obtained by adjusting the

het er opol yaci d content of the pol yoxy tetranethylene glycol was anal yzed by
GPC. The results are shown in Table 4. 15 Exanple 4 PTMG havi ng a broader
nmol ecul ar weight distribu tion than that of the PTMG produced in Exanple 3
was produced in the foll owm ng manner. The operation for producing

pol yoxytetranet hyl ene glycol was effected in




20 subst &nti al | gdeshredanpredeterndseidn viadlaeploE 3umbecepiveriage modegurune of
the catal yst phase in the reactor was 60 nm, the volune of the THF organic
phase was 360 nillpraweighg.V/they specidiicTigravityhefr 43¢t @qURPHNS13 hours.
Wth respect to the produced gplyoxytetra 25 net hyl ene glycol, the nunber
aver age nol ecul FHFVep§alyst3 phageudsy madodained s thdgs then Fangec of ar

wei ght distribution was 1.8; and the content of_ high nol ecul ar Wi h% PTMG
nol ecul es was 4fgemodlyd k& gntd3- TRBenwRERGpdRyEReJTEBRERRt 16 CPREW?Sduced

R e A A B RS MR 28 e Mg A
ngfe?ggéﬁsché %%EEQEF E%htﬂgﬁ%bﬁ$§&$;%%% btahﬁﬁgﬁ§¥d$§k$ﬁ¥dﬁgén;&éeyzed by
GPC. The reSU|t§p%5§f§ O@&4¢1£yﬂgfaf%e aqueous THF/catalyst phﬁse
within the above-mentioned range.
When the polymerization temperature is toc 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 i1s maintained at 0 to 100 *C,
preferably 30 to 80 °C.
The polymerization reactlon 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 1s used in

25 the below-mentioned operation for adjusting the hetero-




Exanpl e 5 The operation for producing pol yoxytetranethyl ene 15 20 25 gl ycol
was effected in substantially the sane nmanner as in Exanple 3, except that
200 mL of a phosphonol ybdic acid solution having a specific gravity of 1.8
was used as a catal yst solution, the volume of the THF organic phase in the
reactor was 220 m, the V/IF value of THF in the reactor was 10 hours, and
the P/V value of the reactor was 2.2 kWnB8. Wth respect to the produced
pol yoxyt et ranet hyl ene gl ycol, the nunber average nol ecul ar wei ght was 1300;
t he nol ecul ar wei ght distribution was 1.7; and the content of high

nol ecul ar wei ght PTMG nol ecul es was 3.98 % by wei ght. 31 January. 2004 71
The heteropol yacid content of the produced poly 5 10 oxytetranet hyl ene

gl ycol was adjusted in the sanme nmanner as in Exanple 1, thereby obtaining
PTMG. The heteropol yacid content of the PTM5 was 450 ppb by wei ght.

Further) the PTMG obtained by adjusting the heteropol yacid content of the
pol yoxytetranet hyl ene gl ycol was analyzed by GPC. The results are shown in
Tabl e 4.




welght o 1esSs.

Co t Ex I t I ' 15 20

Compar iy ve EXATDL e rhd' SRR ERETEE W erie- a0 i oBrn Supaser 15,

was produced 'Qhﬁt{lﬁﬁé)&' &m&s - a [PEaOPESRIMORL U6 PF CAlUEI G- @
thyl'ene glycol was e

pol yoxyt et rane ected 1n substantially the same nanner

as in Exanple @&%ﬁﬁﬁ%gp% I et {2aPldh VAL HELYES SECTRASAMAtaaTudtivdn8. Wth

respect to the yoxyt etranet hyl ene gl ycol, the nunber average

mol ecul ar wei ghihd'ase d&BopoiPaciB! 868t Rt VBE Gbhe dbBtaihed | PBawesod. 85, and
the content of high nol ecul ar wei ght pol yoxytetranethyl ene gl ycol nol ecul es

Was 4.8 % by wahpbturdheo heb etopobyaphe benwenghof (e (hWedtchowsblyaold
oxytetranet hyl ene glycol was adjusted in the sane man 25 ner as in Exanple
1. The fet er opakyeeét coahepé afijubeed B danvanyior8Dim&@Phodsul saeh

pol yoxyt et ranmet hyl ene gl ycol was 590 ppb by weight. Further, the

pol yoxyt et r anetdny | 2neethydodiatlosedt e Hdpuemipad dapahestePatepsldBci d

content was
' plication Lald-Open Specification Nos. 61-118420, 61-
115934 and 61-123629 (each corresponding to U.S. Patent
No. 4,677,231). However, 1t 1s preferred that the
15 heteropolyacid content i1s adjusted by a method which
comprises the following steps (i) to (vi):
(1) 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;
(1i) distilling off a portion of THF in the ob-

tained@ THF organic phase, to thereby obtain a PTMG con-

centrate;

25 (1ii) adding at least one saturated hydrocarbon




anal yzed by G°C. The results are shown in Table 4. 5 Exanples 6 to 10 and
Conparative Exanple 2 THF was pol yneri zed usi ng a phosphotungstic acid
solution having a specific gravity of 2.07 as a cata |yst solution.
Specifically, the operation for produc 10 ing pol yoxytetranethyl ene gl ycol
was effected in sub stantially the sane manner as in Exanples 1, except
that the reaction conditions shown in Tables 2 and 3 were enployed. In
addition, the volume (V) of the liquid in the reactor was naintai ned at 420
mL and the feeding 15 rate of water was controlled so as to maintain the
specific gravity of the aqueous THF/ catal yst phase at 2.07. In order to

el ucidate the correl ation between the nol ecul ar weight distribution and the
VIF value of THF 20 in the reactor, in Exanples 6 to 8, polyoxytetra




441 LLIIO DAl LULILUOLILLALGD ) Wil QL VL gUlll il pliiduris A WWRAP W el

met hyl ene gl ycQhs nWer &£l GRILJHLIRIN i d P aldt a1 Hifdrduarvneaaat he
P/V value was fixed at 1.95 kWnB. Wth respect to other reaction

condi tions) thersendiare EyrafdiPWanid) st fneiere Riidvapef theheatavber aver

25 age nol ecul ar weights and the nol ecul ar wei ght dis 31 January. 2004 73
tributions of uRetppbdwesd pol yoxytetranet hyl ene gl ycols were determ ned by
GPC. The results are shown in Table 2. The heteropol paci d (phosphot ungstic
acid) contents 5 of (k9 pafdecedemolndxpfethamennligseé pheeel sswbre ad
justed in the sane manner as in Exanple 1, thereby obtaining PTMSs. The
het er opol yaci d jewttieg thef digaildPlsasdhtie redren tixemp|wistls arp stWer e 260
ppb, 310 ppb and 220 ppb by wei ght, respectively. Further) each 10 PTMG

obt ai né® by adjvadeichgarhorhaierigpat yihe heterepplygciddissolved in

pol yoxyt et ranmet hyl ene gl ycol was anal yzed Q¥ GPC. The results era shown in
Tabl e 5. the organic phase 1is 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 boliling point substances
contained in the remaining PTMG phase under reduced
20 pressure, so as to obtalin a PTMG in which the hetero-
polyacid content 1s adjusted to‘10 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 detall.

25




15 Tabl e 2 Vol uneVol uneof theFeedi ngof theReaction Hetero-liquidrate of V/IF
cita-condi -plyacidin

t heTHF: (Hr) | pet MnMM Mht i onsr eact or: gphaseV(m /Hr) (m ) () Phospho- Ex.

6t ungeti c420646. 618D18101. 60aci dEx. 7ditto0420421012018001. 69EXx.

8di tt 04202815801 8051.79 Fig. 2 is a chromatogram of the PTMS produced in
Exanpl e 6 (PTMS obt ai ned by adjusting the heteropol yacid content of the

pol yoxyt et ranmet hyl ene gl ycol) which 20 shows the nol ecul ar wei ght

di stribution of the PTMG 31 January. 2004 74 In Fig: 2, the abscissa
shows the logarithm (log) of -the nolecular weight; the ordinate shows the
wei ght 8




i1ne poilymerization reactloll MiXiture 15 wilidlawll

of comgrent %%eéﬁ‘%&iﬁf@ﬁ “ErSPsh Gs, EhEpibEke o bne s, anc
The aren of a Mot hed portibroenbis PRECHHE CrEY HRE°LITESRY o LT g

ol ecul ar - wei @taléégﬁégpgfamﬁ,vggg {pLagH! 85 ueagbincard, Odoor mre),

which are at least 10 - sSix tines as ge as t nunber average nol ecul ar

wei ght (M - hﬁ%&re$995éﬁara§eZﬁﬂeOfeaé%igihﬁiﬂﬁhﬁéulﬁ@o dhpenationof the

area of the hatched portion to the to "tal area of the peak is 2.29. %
Next, in orderfdeméd umplaéﬁgahﬁccghagbatb@ﬁ\pbgeaSmhmw bhernpl eral ar

wei ght distribution and the P/V value applied to the IiTquid in the reactor,
in Conpara tivhexpTmée 2nand tsaophen-fosmdalAqupoliyoTHFgtatalyst

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 1is approximately 23 to 25 % by

welight.

Step (11) Removal of a portion of THF in the THF or-

ganic phase by distillation:

25 A portion of unreacted THF in the THF organic




net hyl ene gl yool s ware produced under the reaction aon w.ditions in which
the V/F value and the volune of the 20 catal yst phase were fixed at 9 hours
and 133.3 m, re spectively. Wth respect to other reaction conditions, the
conditions shown in Table 3 were enployed. Tha nunber average nol ecul ar

wei ght and the nol ecul ar wei ght distribution of the produced pol yoxytetra
25 methyl ene glycols ware determ ned. The results are 31 January. 2004 75
shown in Table 3. The heteropol yacid contents of the produced

pol yoxyt et ranmet hyl ene gl ycols were adjusted in the sane manner as in
Exanpl e 1. The heteropol yacid. contents of 5 the resultant

pol yoxyt etranet hyl ene glycols produced in Conparative Exanple 2 and
Exanpl es 9 and 10 were 330




from 0.5 to 1.5. When the welight ratio oi the remaln-=

ppb) 280 ppb and 270 t
ponoxyﬁetrane%%?l@ﬂE gﬁyéﬁﬁ gﬁélﬂ;gsgggénggﬁﬁngﬁﬁ ?ﬁ ﬁé?%ropolyaC|d
contents were analyzed b : Fﬁs ar,e la PepTable 3
Yﬁlune?ﬁtbys RE%E;BPtFHBaBSI 98 FBﬁ@iXﬁloP P&ﬁlé?ﬁ g 88 Eong Féte 0-in

ein e n one tor: /
) VP(1) () ginb H‘lg: Ef;?&‘:%}%i% BRIPk. 2y, 15} aiydiohg e _a paturated

t 1

formul ae (5) aﬁﬁgf #8\1& lrr (% e ?ﬁ%&el‘o“%ﬁ%e%: %ﬁ\jﬁgg%eﬁggﬁglggu gjrm\r/]\gl ght

distributi h
I'stribution (LI\#V‘NIX%) W%Q_qhté |%I e tuIn(Enotfl 1, e \qe@er%?)o-ﬂ%cﬁ'&d (‘ghg-noti ve

power (P/V) ap per unit vol une the reactor were

obt ain from t | u 2 d 3.
vod 1 203 ha PSS 1t TRl ke phal) Wikotd Uy reloled oy 2 an

the phase-separation becomes small This lowering of
the efficiency of the phase-separation can be explained
as follows. Since the solubility of a PTMG in a satu-
rated hydrocarbon 1s low, when the welght 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 readlly separated into a PTMG phase and a
hydrocarbon 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 remaining THF 1s more than
3, the remalning THF functions as a good solvent for
the heteropolyacid and lowers the efficiency of phase-

separation of the catalyst phase.

25




(5) (6) The operation for producing pol yoxytetramnethylene 10 15 glycol was
effected in substantially the sane manner as in Exanple 2, except that 180
m of a phosphotungstic acid solution having a specific gravity of 1.80 was
used as a catal yst solution) the feeding rate of THF was 100 m /hour, the
VI F value of THF in the reactor was 4.2 hours, the P/V value of the reactor
was 2.1 kWnB, and the volune of the THF organi c phase was 240 mMl. Wth
respect to the produced pol yoxytetranethyl ene glycol, the nunber average
nol ecul ar wei ght was 852; the nolecul ar weight distribution was 1.68; and
the content of high nol ecul ar wei ght PTMS nol ecul es was 4.35 ~ by wei ght.
Further, the heteropol yacid content of the pro 20 duced

pol yoxyt et ranet hyl ene gl ycol was adjusted in the sane manner as in Exanple
1, thereby obtaining PTMac The heteropol yacid content of the PTMG was 590
ppb by weight. Further, the PTMG obtai ned by adjusting the heteropol yacid
content of the pol yoxytetranethylene 25 glycol was anal yzed by GPC. The
results are shown in 31 January. 2004 77




phase:
Table 5. The viscosity of PTMG produced in each of Exanples 1 _to 11 and
Conpar abi ve ExanpleExamaheSZoﬁasﬁ@urétﬁﬂn83650§9r9099p§°vP§céﬁ€?gr finder
the conditions nentioned in item (2) above. The visc SItEQ %I t%%agTNG S
are shown in TBBPegTHGaﬁ8n93P5§@FﬁeFnﬁlpﬁebpﬁeFl@hé BEAEe8; hy L
January. 2004 78 Table 4 Ex. Ea. Ex. Ex. Ex. Conp. 12345Ex.
1Cat al yst Si | | cBPBRg- HEBpREMSNFHIPENEENGet ¥ SAONGZRRE-f iC¥ SFPRARESr
t he2.12. 11. 81. 81. 81. 8cat al yst solutloan u _
i qU420420420426158296ERBE o S¥CICROPEAR q‘ﬁw?g‘fe&at"ﬁe methylcyclopen

R

) Feeding rate HEs F28 24232 39242( PR/ Hr 1 LRV
(kY|/ml§222 32P‘§?I f& %@M‘f&ef 25?‘%% Jgét%lww Mh1l. 81. 651.
71.81.71.85men ! el &l A Wedtiination.
PTP1G4. 12. 984. %‘E(%&&%%’gﬁ‘ (H"H} f3}3'(”g/lél’blnﬂ}
wei ght ) Het er opol yac F&gﬁnﬁﬁp ﬂg}axmemcghtdéédscxysi ty
(CP)836725332356451§%%% tera Just-~1960195010701 6013101300nent
of het er o- W ~1,¢¢G G31.+6! -9l @&ﬁ; ci A8 GPNEoth 30 higheo %
nol ecul arwei ght PTMX. 02. 904. 364. 953. nol ecul es~~(% by wei ght)

by welght, 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 step (iii), two liguid phases, namely a
catalyst phase containing a portion of the heteropoly-

20 acid contained in the PTMG concentrate and an organic
phase composed mainly of the saturated hydrocarbon and
PTMG, are formed. The catalyst phase 1s 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).




i) High nol ecul ar wei ght PTMG nol ecul es are defined as PTHG nol ecul es
havi ng nol ecul ar wei ghts which are at least six tinmes as |arge as the
nunber averege nol ecul ar wei ght of all PTMG nol ecul es. 31 January 2004 79
Tabl e 5 Ex. Ex. Ea. Conp. Es. Ex. Ex. 678Ex. 291011Cat al yst Phosphot ungsti c

aci dSpecific gravity of thecatal yst solution2.072.072.072.072.072.071. BOVo
une of a qu in the reactor: V (nl)420420420420420420420Volune ot a cata
yet phase (m)1A0120A0133. 3133. 3133. 3180Vol une of the THF organi c phase

(m ) 2403003402B6. 7286. 7286. 7240Reacti on tenperature (

C) 60606060606060Feedi ng rote of THF:. F (m/Hr)6442282846. 746. 7100V/ F
(Hr)6.562510159994. 2P/ V
(kWm)1.951.951.951. 11. 82. 62. 1Pi n181018001805180018001805852B f e

or eadj ust - MM Mhl. 61. 691. 791. 911. 711. 621. 68nent of




In general, the heteropolyacid content of the or-

het er o- Cont ent of pol paci dhi gh nol ecul ar cont ent wei ght

PTH®. 2$3. 053. gapir3phase o | i fulsieqbgdto step (1v)) is 1 to
wei ght ) Her opol yaci dcont ent 270310220330280270590( ppb by wei ght) Vi scosity
(cP) 63A698761838038BB242Af t er adj ust - ~180018101820180017951820856nment

of het er o- pol yaci d~/ ~1. 61. 6B1. 781. 901. 71. 601. 66cont en nt ent__ of hi

mol ecul ar wei ght PTMBeig3hsy PTganley phase ﬂfﬁl‘%@#&%i%oteé ~r(“E*’}f)":’of%giOélht) %)
Hi gh nol ecul ar \wej.ght. PTMG nol ecul es_are_defj.ned as PT | e s havi ng
nol ecul ar wei gﬁ‘tgs) %A %qlq%sqa%%d t‘f#él% an Efcé\'f‘:'g‘ye'\'/a[%a‘?rsr'i)tcfiﬂgl%noﬁ“n'ber

averege nol ecul,ar. weight_ .of.all .PT |l gs. 3 views
EXanpl e 12 Usi r%“% h%c%e%%ﬁﬁ%nc%%ﬁﬁ%ﬁése%#j %iaarr%l e ‘?@gu%%%rrerl zatfilgaon

operati was cqnt i u erfor for vl g, ng 1. 25
kg of alqgol yoxﬁq;e]ﬁélgij‘ge f?@%@ e‘#g g&%@(ﬁ%sggﬁ:ceﬁtﬂ ry'zltteh élﬂl(r?o\?\ll%)gﬁ'%éa‘#ﬁfn
concentra tion begp fgu#ﬁtfﬁgtfhﬁggt555@rggby V&igé. The

pol yoxyt etranet hyl ene gl ycol concentrate was subjected to vacuum
distillation in a vacuumdistillation vessel at 60 C under a reduced
pressure of not nore than 1 10 TarrF €/ Bistill of f (Mdw boiling point
substances (such as THF), thereby obtaining pol yoxytetranethyl ene glycol.

wherein a is the amount (kg) of the activated
carbon, and B is the hetercopolyacid 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 heteropoclyacld and the activated carbon is
| controlled within the range of from 5 to 60 minutes, it
becomes ﬁossible to éasily adjust the heteropolyacid

content of the final PTMG to 10 to 900 ppb withoqt be-

ing influenced by the variation in the initial hetero-




Wth respect to the obtained pol yoxytetranet hyl ene glycol, the nunber
average nol ecul ar wei ght was 1810; the nol ecul ar wei ght distribution was
1.6; and the content 15 of high nol ecul ar wei ght pol yoxytetramnet hyl ene

gl ycol nol ecul es (the nol ecul es havi ng nol ecul ar wei ghts which are at | east
six times ae large as the nunber average nol ecul ar wei ght of all

pol yoxyt etranet hyl ene gl ycol nol ecules) was 2.29 % by weight. The

pol yoxytetra 20 net hyl ene gl ycol was subjected to the foll ow ng operations
for adjusting the content of the residual heteropol yacid catalyst. To 550 g
of the pol yoxytetranethyl ene 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 31 January 2004 81 m nutes 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 ni ng phosphotungstic acid and
upper organi c phases. After 5 elimnating the | owernost catal yst phase, the
or gani ¢ phases (contai ni ng pol yoapt et ranet hyl ane glycol, THF, water and
n-octane) were transferred to a vessel and 80




adsorption vessel is used in place of a column, and the

g of nn_activate carb?jV was added thereto, followed by stirring at 40 C

for 15 R nut es2$h&VaLe

anount (i

mai nt ai ned at
sol uti on.
the solution into t

and an n 20 OCEQESloa%ﬂmo%Qd eheo&p@%ﬁ %é%&f%ﬁ%ﬂ@%%iﬁ‘%ﬁ%ﬁﬁidad N3t ed. The

remai ni ng | ower pol yoxytetrene

10

15

20

25

ases) nanely pol yoxyterr amet ene g

yl ene
the organic phase 1s adsorbed on the activated carbon.

However, with respect to the heteropolyaclid molecules
which are Interacting with the terminal hydroxyl groups
of the PTMG moclecules, the adsorption of such hetero-
polyacid molecules on the activated carbon is in a
specific equilibrium state. Therefore, 1t 1s 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
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 the PTMG molecules is

strongly exhibited than their depolymerizing action

which is conventionally considered in this technical

SEEHOn, heyA g agss e FOE TSP iHhEr AGTEFAIsi ng a
nb fil h b 420 f ol t t 530 f
bol yLZSSetLaLE%ﬁgf%eﬁé Safe‘?"n'o? D FE the” rpeteth Oy s chiesn by Halff)tﬁﬁ
b d 15 | h d T
%Ségag%i Phgf QP g%ggﬁl so 15 lotion mas eated in m oo at

G off a part of THF contained in the

themgokﬁ Q%OWQSGQEEQW%% t%r E?H%n%tbhﬁ %nt% Q%F%%parate

phase



aol phase was subjected to distillation at 60 C under 1 Torr. The

| ow- boi | i ng poi nt substances (such as THF and n-octane) ware distilled off
to thereby obtain 256 25 g of PTMG 31 January. 2004 82 Wth respect to
t he obtai ned PTM5 the nunber average nol ecul ar wei ght was 1800; the

nol ecul ar wei ght distribution was 1.6: and the content of high nol ecul ar
wei ght PTMG nol ecul es (the nol ecul es having nol ecular 5 weights which are
at least six tinmes as large as the nunber average nol ecul ar wei ght of all
PTMSG nol ecul es) was 2.28 % by wei ght. The heteropol yacid content of the
PTMG was 270 ppb. 10 Exanple 13 Using the reaction conditions of Exanple
11, a polynerization operation was continuously perforned for 150 hours,

t hereby obtaining 1.2 kg of pol yoxytetramethyl ene glycol concentrate in
whi ch a THF concentra 15 tion has been adjusted to 45 to 50 % The pol yoxy
tetranet hyl ene gl ycol concentrate was subjected to vac uumdistillation in
a vacuumdistillation vessel at 60 C under a reduced pressure of not nore
than 1 Torr to distill off |owboiling point substances (such as THF),




acld in a specific amount.

20 thereby obtaini ng_pol yoxyt et ramet hyl ene glycol. ~Tith respect to the
obtalnedSpoIyoxytetr%ﬁ%?h%?enEYngéoP OYﬁedﬁﬁﬁﬁébeﬁvﬁragémﬁBFeﬂﬁtbramelght
was 852: the nnlecglar mel distribution was 1.68; and the _content of

hi gh ol ecul ar 3%} ?tﬁfh ¢ ’29?8“%& P&‘PBH@ slfyeercegspﬁéreeaﬁegozlrhe

nol ecul es ha cul a ht s whi Januar 2004 83 are at | east
si x trnes asvié€5gnﬁg gﬂeghﬁnﬁgFUQQEPQgQYﬁﬁPSEHPSE &élﬁﬁPdSFeglPx“

hecaropolyaci o COTERY e of 98, S5 FATadn fhenefGhtope,dfoas; ust o
in the same mgqgfrﬁ@p{:,ggﬁéimsméﬁf 3e1R¥n8 pRE' 29 RIPE ¥ LMmiggPect

to the obtaine nunbe
10 mum so that the amount of the heteropolyacid molecules

interacting with the terminal hydroxyl groups of the

PTMG molecules 1s controlled within the predetermined

range.

15 Step (v) Removal of a saturated hydrocarbon phase from

the organic phase by phase-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 intoc a saturated hydrocarbon phase and a PTMG
phase. The THF concentration in the still residue af-
ter removal of THF is 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-




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 PTMS havi ng nol ecul ar wei ghts
which are at |least six tinmes as |arge as the nunber average nol ecu | ar

wei ght was 4.45 % by wei ght. The heteropolyacid content of PTMG was 590
ppb. 15 (Heat resistance test of PTM3 Test Exanples 1 to 11 Various sanple
pol yoxytetranet hyl ene glycols hav ing different nunber average nol ecul ar
wei ghts, nolecu lar weight distributions, different contents of high 20

nol ecul ar wei ght PTMS nol ecul es (the nol ecul es havi ng nol ecul ar wei ghts
which are at least six tinmes as |large as the nunber average nol ecul ar

wei ght of all PTMG nol ecul es), and different heteropol yacid contents) were
subj ected to TGA anal ysis under nitrogen atnosphere, to 25 thereby
determ ne the tenperatures at which the weights




carbon content of the PTMG phase and the PTMG content

31 January, 2004 84 of sanpl e pol yoxytetranet hyl ene glycols were reduced by
% (i . wt °%, Eegusatynatedpaysrgcarbonhphpseul tAs olF m%ulrt;A el ysi s
are shomn |n Tabl e_6 together with the viscosity of s

anp
poIyoxytetranetﬁ&?éﬁeoﬁl§BSI§°15m35#&Péiﬁ@I?EQFPSFr&ﬁeﬂﬁ?F@N@ngYCSPeused
in Test Exanple. 1l was PTMS produced in Exanple 13 and sanp

poIyoxytetranetﬁ?V%ﬁéngl950Fhﬁsé&°PﬁtT8§ttEﬁaﬁBﬂ@ §iﬁé§lp?ﬂciﬂr536ced in
T8 var e’ 10 nBREPLBtERoHY G COTIE PR AL HiSEarbhe o ﬁ%ﬁgx ﬁ%es ’
o S0l d by bu BEREYiRKToE: Bordboles 1o 3FB. SipdoRicat HSES IVAI B5H Teo
ra T 5E8an: CanstibEsHE" th S%x%{?‘%taf%%eﬁ?#e%Igﬁ’yco??u?gﬁg}dﬁa#eif Exaipl es

10 and 11 were nanufactured and sold by M tsubishi Chem cal Corporation)
Japan.

Step (vi) Removal of low-boiling polnt substances from
the PTMG phase:
Low-bolling point substances contalined 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 1s generally 5 Torr or less, preferably 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 1s shortened. As

a result, a thermal decomposition of the PTMG during

25 ‘the distillation is suppressed. Therefore, 1t is
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from 60 to 160 °C, preferably in the range of from 70

NNNrl Ny,, "2 Wa0m. O mcoa, r ~; nr a~rl f~Nm: mn

ad ~B8VMHe 1a0.PCa .i WNma~ .i ~or N r VECNpp‘CCpN E y .HNNN

A WmmdN~mMNNNOf~O H~-I NI~-NNm+~~r a m~ ~ a0
Y ~ NNt~ E NN OPEM§ hawtn&theNmata;OEOrlyaqidwonﬁ%tMOé fr&mlﬂom H ~
-1 1f) ~NICNWmM.4~ ~ O 0eD NvO Nr_Ov 1 H~-~rl NNaO ~

N m

10

15

20

25

O
PPbL to 900 ppb 1s J%tained by conducting the above-

mentioned steps (1) to (vi).

As described above, the PTMG of the present lnven-
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,
to thereby obtain a PTMG having a specific meclecular
welght distribution properties; and

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

Hereinbelow, an explanation 1s 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)

and an aqueous THF solution of a heteropolyacid (Cata—
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a > -a 31 January. 2004 86 As apparent froanabIe 6 above, the PTMG s of
the present invention (Test Exanples 1 and 2) which have not only a

nol ecul ar weight distribution of 1.8 or |less and a content of high

nol ecul ar wei ght PTMG nol ecul es 5 (PTMG nol ecul es havi ng nol ecul ar wei ghts
which are at least six tinmes as |large as the nunber average nol ecul ar

wei ght of all PTMG nol ecules) of 2 to 5 % by weight, but also a

het er opol yacid content of from 10 to 900 ppb by wei ght, exhibit higher heat
resi stance than the con

!
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I'I'I Z




the resultant reactlon system 1in reactor 2 1s stirred
Wi ch doSnot SaTLeryeRaifor THe EHahbLe: PEEVLLY 1BE e CTALITE Shhent
o1 Yool s havi ng HEPROTERY - niRBOFCAPBEDE ROPECOVAT VBt RTE, Shit PBPRD.
PTVE ol ecul oo, SheaPPPEL ol Bbbpdeied tBon annds, e el rcibafhe s da

| st 20 tgpt : f | | t |
Chown 1 Table T uitet BSASHTE Parrlari Ry SRR KRRKEC B Ol oErT Rle” ©

gl ycol vas_pl acggolicafiga! sEh fatduiPReApdichiz1e RbESEUI8-IREEENLAT Ler
replacing air 25 inside the autoclave™ th™nitrogen gas) the aufocl ave 31

Januaryi102004 8fiueeiphaged pRopereiileshatthempoliytleredatrtioh2@£Crhier 143
hours. Then, the pressure inside the autoclave was de term ned by reading

the pressure gapgeforhédauhderatendds ool ethere inO¢het epRei &L gravity
Deterioration of sam5 ple pol yoxytetranethyl ene glycol after the heat

resi stance testofiathdetathagshy sedaltian (TS)t,s tdler ¥yEt vailtuy) anagpeaeance
(i.e.) evaluation with naked eye), and the nunber average nol ecul ar wei ght
as neasured by BEPE vihver esel appaoprdladely seleicited’ frdo the above-
mentioned ranges. Dﬁring the polymerization reaction,
15 THF is continuously fed to reactor 2 and water from wa-
ter feeding tank 3 1s fed to reactor 2 so as to main-
tain the amount of water ccordinated to the catalyst
(in other words, so as to maintain the amount of water
in reactor 2) at a desired, predetermined level. The
20 polymerizatioﬁ reaction 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 agqueous THF/catalyst phase (CP) {lower phase).

25 The agqueous THF/catalyst phase (CP) 1s recycled to re-




31 January. 2004 88 Table 7 Test Exanpl eTest Esenpl eTest Exanpl e121314Mh-
180018001930Mn Wnl. 601. 601. 74Cont ent of hi ghnol ecul ar wei ght' PTMG

nol ecul es2, 282. 288. 32(8 by wei ght) Het er opol yaci dcont ent 2702B80200( ppb by
wei ght) Resul ts of beetresistance testlnternal pressure x 0 22 0 32 30
O(kg/cm G ...Chroneticity




of the feeding of THF.

(APHA) QL03020BI ack sub-Eval uati on wi t hNo changest ances wereNo changenaked
eyef | oafi ng i nt he PTReVTEE Rhase, &ifdgirawry drom eterm-asparatden ¥¢8-5 From

Table 7 it is understood that, in Test Examer 12 which used the PTMG
produced in ExSfpl & &5 BAiFadnceh e Akt afelon #assileSur 8 BRA-t he

change in the nynber rage | ecul ar wei ght of the PTMG after the heat
resi stance tes 'i\?&r gfgﬁgmfl%ﬂbcr%%é“?nlgh%sﬁoi%rﬁqt%%toﬁﬁ YuvkhsEeti ng
poi nt substanc re .gen d by the deco Sitl of the PTMG [ The
resul ts of Tes§'§Exvc\§r1f-ﬁig‘ fz%ﬂfeg&%ﬁ%ﬁa er e%@@ul"t"?cﬁf‘tr%f 38naury
2004 89 Test anpl (W ed a l.yoxyt t hyl ene alycol. _having a
het er opol yaci Eéc%% erﬁll%o %%a‘ﬁn %%bﬁ%?%ﬁﬁ/caﬁrﬁortx le 14
(whichigsed a pRKWOXHS!; &6 %%%ﬂ | nt | mo 5
| ecul ar wei ght PTMG nol ecu esruo# m)rtgjl' an1%?§%g§5& PN il e
centrate 1s introduced to second, phase-separation ves-

sel 6. An organic solvent (S) (such as a Cg-Cyg satu-
rated hydrocarbon) is added to the PTMG concentrate in
second, phase-separation vessel 6, and after mixing the

15 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 i1s subjected to an

adsorption treatment with an activated carbon (AC) by,

25 for example, introducing the organic phase into column




wei ght) . 31 January 2004 90 | NDUSTRI AL APPLI CABI LI TY The

pol yoxytetranet hyl ene glycol (PTM3 of the present invention, which has a
nunber average nol ecul ar weight of from500 to 3000, a nol ecul ar wei ght
distri 5 bution (Mv M1) of 1.8 or less, a content of high no | ecular weight
PTMS nol ecul es of from2 to 5 % by wei ght, wherein the high nol ecul ar

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

wei ghts which are at least six tines as large as the 10 nunber average

nol ecul ar wei ght of all PTMG nol ecul es, and a heteropol yacid content of
from 10 to 900 ppb by weight, exhibits inproved properties with respect to




- of. the talyst which 1s considered to be
heat re5|stancgu5n8 P8ﬁF$?§005|ty. ?@ V|¥tue of these inproved properties,

ot onl & can dggeEpastihgnyRin! bielPeBTFalUR ABoKRE SOEgDErRADDI eSSEd.

but al s6 occur rence o ermal deconposiiion during the polynerization

for producing bhacPRMPecaleBeraiRRhES$R0tnENEEGARLE phiie PTMReOfot-Ne
present invention can be advantageously used for producing a high

per for mance 20,8hast phabibbehi cBUEs38aatARbYYREEbRMAN UT cpackedtwEthi ber
havi ng excelleﬁt physi cal and chem cal properties) a pol yurethane elastic

fiber and a polyegietvakast carbbheis in3todasearyo a08¢191aticdhMol- A
pol yoxyt et ranet hyl ene glycol (PTM3 having the
umn 8 to distill off THF from the organic phase. THF

10 is distilled off from the orgapic phase in an amount
sufficient to cause phase-separation of the organic
phase into an organic solvent (S) phase and a PTMG
phase. That is, 1t 1s not necessary to remove all of
THF in the organic phase.

15 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.




follow ng characteristics: 5 (1) a nunber average nol ecul ar weight of from
500 to 3000; (2) a nolecular weight distribution of 1.8 or less in terns of
the MM Mh ratio, wherein Mv represents the wei ght average nol ecul ar wei ght
of PTMG and Mh repre 10 sent the nunber average nol ecul ar wei ght of PTMG
(3) a content of high nolecular weight PTMG no lecules of from2 to 5 % by
wei ght, based on the total weight of all PTMG nol ecul es, wherein said high
nol ecu | ar wei ght PTMG nol ecul es are defined as PTMG nol ecul es 15 havi ng
nmol ecul ar wei ghts which are at least six tinmes as | arge as the nunber

aver age nol ecul ar wei ght of all PTMS nol ecul es; and




content of heteropclyacid and specific molecular welght
(4) a heteropolyacid content of from 10 to 900 ppb by weight. 20 2. The

po!yoxyggtraneapy{fiﬁhg&dﬁq&réﬁggﬁgggg to claim1, which has a nol ecul ar
wei ght distribution of 1.7 or less. 25 3. The pol yoxytetranet hyl ene gl ycol

according to 31 JpalasimMc 2004192 stédent, inbdctl diascan austumdd din hi gh
nol ecul ar wei ght PTMG nol ecules of 2.0 to 3.5 % by wei ght) based on the
total weight ofnhelfofd\et @l pTME eSopolymer, i.e., a copolymer of THF
with a monomer of another ether type polymer. Exampies
of the comonomer to be copolymerized with THF include
10 3-methyl-tetrahydrofuran, 1,2-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.
15 The PTMG of the present invention exhibits im-
proved properties with respect to heat resistance and
low viscosity. By virtue of these excellent propertiles,
not only can decomposition of the PTMG during the stor-
age be suppressed, but also the amount of a stabllizer
20 can be decreased. Further, thermal decomposition of
PTMG being formed during the polymerization process is
suppressed. Therefore, the PTMG of the present inven-

tion can be advantageously used for producing high per-

formance elastic fibers, such as a polyester elastic

25 fiber and a polyurethane elastic fiber.




5 4. The pol yoxytetranet hyl ene glycol according to claim11, which has a
hat er opol yacid content of 30 to 800 ppb by weight. 5. A nethod for
produci ng the pol yoxytetramethyl ene 10 glycol (PTM5 of claim1, which
conprises subjecting tetrahydrofuran to a polynerization reaction in a
continuous polynerization reactor with a stirrer in the presence of a

het er opol yacid catal yst, while feeding tetrahydrofuran to the conti nuous
pol ymeri zation reac 15 tor, said polynerization reaction being continuously
performed in the presence of water, wherein said water is present in an
anount sufficient to forma tetrahy drofuran organi c phase and an aqueous
tetrahydrofu 20 ran/catal yst phase which conprises a solution of the

het er opol yacid catalyst in a tetrahydrofuran/water m xture and which has a
specific gravity of from1.8 to 2.3, while maintaining a V/F value at 0.5
to 20 hours where 25 in V represents the volunme (nB) of the liquid in said




Examples, Comparative Examples and Test Examples, but

31 January 2004 93 reactor and F represents the rate (nB/hour) of feeding

t et r ahydt of ur atthey shank@nebroecanmsiryed as A iml ting chhe sT5ARe tHe
retention time (hour or hours) of tetrahydrofuran in said reactor and while
mai nt ai ni ng a PAP PReFent Anvemti®f or nore wherein P represents the notive

power (kW applied to the liquid in said reactor and V is as defined above
so that the P/V val Jé rdift efs‘g‘rﬁ%‘qrfﬂa EXAMRLL H0 AT i ORGH Y WS he

i quid it vol thereof, 10_to thereby opt ai | i zat i
react i on i xt uPETBITE SHHPS TRACETHHTESIPTEFPRRY R OFRY oY ofani ¢ phase

containing a p tetranet.hyl ene gl ycol having a nunber average nol ecul ar.
"~ wei ght of fronﬁ%%gﬁ%%3§?dﬂﬁ£%%%sa reaction-forned agueous

t et rahygdt of uran/ catal yst 15 phase, separating said reaction-forned
t etrahydrof uran organi c phase containing said pol yoxytetranet hyl ene gl ycol

fromsaid polyn@szgﬁkpn reaction m xture) and adjusting the heteropol yacid
content of said poly

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

dimethylacetamide

25 Flow rate of carrier: 1.0 ml/min




20 oxytetranet hyl ene glycol to a level of 10 to 900 ppb by wei ght. M9y8MWn

8Mhsy7NVhy 7Mh7NVhVy 7VWn7Nny 7VnLoa7Mh7Vhy . MhV~7NMhy7Mh\ 7Vhn\ 7Vvh\ 7Mha7NMny 7Vn0o6NWhy
~7Nny7NVhy~7Nn\ 7Vh\ D7Vh9\ 7VnhD7NMhy~7NMhy

7Vh_yOMir\ 7WhV@ Vhy D7 Mhy' 7Nhy~ ~7MhW\ ~7NMhy 7Vnhy' 7I\/hL66I\/th7I\/h\ 7MhVy 8Mh9y D7 Vho\
7MhD7NMn\ ~7MhVy' 7VWny6IVh6IVh" 7Vh 7Mh6IVhL6NMhY 6IVn 0y

7Mh96M6MIAGMNY6IVNY' 7VN7Mn0\ 7Mhy 6NN\ a7Mn\y 7VhVy 7MhLy6Mh6IVh

7MhW\ 6MhD7 M0y 6Mh9\ a7Vny 6Vh @y 7Mh0~7NMhy 6Vhni 9TWVhoyJ9MWheNy;

VhL6" 7MWny1: Mn\ D7Mh9ya7Vn9y: FVMhyyP4Mh0Oby D7 M9y TVn\ 7Wny~[ Mhy;

Vh\ D7Vh\ a7Mh@ $?* Vi k6gJ\ t $V{ voi c] WQU] caU] cal] cal] calU] ca U] c”a] ca

Ul c”a] ca] cal] ca] ca] ca] calU] cal] caU] calU] cal] caU] caU] ca] ca] ca U] c*al] ca] ca] ca

U c™a] ca




c™al > P bevx# Z
U} L[| veg e [ VP % ] YAsCadd e al] caU cal] ca] cal] ca] ca] ca] ca] ca] ca] ca
Ul c”a] caU] cal] ¢ agl(} cal] cal] cal] cal] cal] cal] cal] ca5l &ert <>WCERbeh
vx}wpke ZUe [V ch GFggqéﬂﬂca]ca U] c*a] c™a] cal] cal] cal] cal] ca
U c”aU] caU] ca] ca

Ul c~a] cha] ca] ca] ca] RATRTRET T AU R ARSI TG LR e R T WA BT @k ay) ca]
cal] ca] cal] ca] caU] ca] ca] ca] cal] cac}fla Cfla j_cneéqcaar]‘satﬂt _temperature

U] c”a] caU] ca] caU] ca] cal] ca] cal] ca

P=IPLflylziEr b ppemyms e Cﬂfﬁ&?ﬂﬁﬂfféﬂ\ﬁ%}&a&lﬂ&ﬂ cal] ca]
cal] ca] cal] ca] cal] ca] cal] ca] cal] c ca] ca
10 sold by TOKIMEC, Japan)
ii) Condltions used for measuring viscosity
Temperature: 40 °C (39 to 41 °C)

Revolution of rotor: 20 rpm

15 (3) TGA (Thermogravimetric analysis)
i) Instrument
Apparatus: TA 2950 (manufactured and sold by TA
Instrument, U.S.A)
i1) 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




Ul c”a] ca] ca U c”a] calUl ca]lca]calcaljca_""""#;

#Ha##>SDSES” SkIVSSS$S$SS- U884 &T&] &&&} vake' ZUj e_ZTU] cU] cal] ca] caU] cal] ca]
ca U cnal ca]ca]ca]ca Uc”a]c”ta] caU ca]ca]lcalcalca Ucra Ucha

Ul cral] ca] cal] ca] cal] ca] ca] ca] ca&&&&&&&2' 6' ~ a' '

(WCC(CC(C(((L)))) *6+K+Qt+zuoj d_YTU] c] cal] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca

U c”a] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca+++
N,,,,b----/../U00;

1WL1111111(2) 2*2-2d2i 2ysnga] UG d_YU] cal] cal] cal] caU] cal] cal] cal] cal] cal] ca

U] c”a] caU] ca] caU] caU] cal] cal] cal] cal] cal] ca

Ul c*a] caU] ca] caU] ca] cal] ca] caU] cai 2) 2t 2y2z22z333444F4} 4445G5555566&61 6(B6R6
6¢6{uoi c] WRga[ UQ d_YU] ] cal] cal] cal] cal] cal] cal] caU] cal] caU] cal] cal] cal] cal]
cal] cal] cal] cal] caU] caU] cal] cal] caU] caU] caU] cal] cal] cal] caU] cac6| 6666666667
-7Y777778888! 8#8- 8/ 8=8781 8K8Y8[ 8e8zt oi d*YSU] | U] ca] cal] ca] cal] ca] cal] ca] cal]
ca] cal] ca] cal] ca] cal] ca] cal] cal] cal] ca] ca] caU] ca] ca] cal] ca] cal] ca] ca

U] c*a] cal] cae8g8uB8ws8888888888888888888999a: : ::;; {upkd _YTU]] U] cal] ca] ca

U] c”a] ca] caU] cal] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] ca] cal] ca] cal] ca
] caU] ca] cal] ca] cal] ca] ca;

| <===>>&?7?? @03 @ @ @ @IGA>AN AAAAAAAAAAZUO] d_YSkd _YTU] 1 U] cal] ca] calU] ca] cal] c
a] cal] cal] cal] caU] cal] cal] cal] cal] cal] ca] ca

U] c”a] c™a] cal] ca] caU] calU] ca] caU] ca] cal] caU] ca] caAB

BRBBBBBBB#CTCCCC* DUDDDDDDDDE>EEENFFF| wr | gb] WRkd_YTU] ] caU] ca] ca] ca] cal] ca] ca
] ca] c”a




U] c~a] cFa] cal] RAULREULERTFE A} cROLYROPEHY] aBd] BADPAHD| eapEsUtEALICRS] cal ca
U] cal] caFFGI- J0JgJ* KaKKKK3L @A MVIVINNNO O3 OACDOFOPPP4(0 Q_ QY vgke‘ ZUU] ] c]cal c
a]caU]caU]ca]céFcHF@Q]éﬁ the heteropolyacid content of the PTMG.

U]l c”a] c™a] ca] ca] cal] ca] cal] ca] cal] cal] ca] cal] ca] caU] ca] cal] ca] ca
Ul c*a] ca] ca] camQQp Qs QRSS1ITBTETUUUVFVVWV] VEVBWKWAM-Xb XYY, Y/ YaYYYYYZ{vql ga\ W] ]
c]]ca]caU ca] ca]calcalca
U] c”a] ca] ca] caa'czl}‘?:% Y48 ca] cal] ca] cal] ca] cal] ca] ca] ca

N ZKZLZf Zh \ 8\ p\ \\ [ ] AADNAAND “aaRaa*bab '
00 ¢l call cal cal ol caPPOATeR COPTS dAPPRIACHRRG And gote BV A0eUCl €
abbbbbaskrete 11111 ghbesrenEREy RRARRAY 1Tl PTG e T 6a ca] cal ca] cal] cal
fJ]afl:J]"g?]cg?J] ca] cal] ca] cal] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] cal] ca

U ca] cal] cai zjg).j kigkkida | £51FEB IMEL S NE8R0LEPRBERP4qVaXa| vakf " [ U e’ ] cal] ca]
cal] ca] caU] ca] caU] ca] caU] ca] cal] ca] cal] ca] ca] caU] ca] ca] ca

Ul c”a] ca] cal] ca} cabpablidahtailCsl gablecal sakbaaXemGr Akl phucsampnbwyyzzz4{i {
{11]}5}~~~~xsl gb\ e Ul ca] cal ca]gia] ca

Ul c*a] cal] ca] cal] gahett)] eaxheabllea] cal] ca] ca] ca] ca

U] c”a] cal] cal] cal] caU] caU] cal] ca

Ul c"a] aa&l ca] ca®@ Mehe" gkisiviel cédhghlivifing the] eanlpdeUlsa Head\dd ajec aldlcal] caU

] ca] ca] cal] caU] ca] caU] ca] cal] ca] ca

U] c”a] c”a] cal] ca] cddec &heashmalpc atbedebaUpbdati@lngnat decomposition
xyt ngb] XSgh\ Wy e U] ] ca] ca] ca] ca
product.
® To the decomposition product obtained in step @
above is added 2 ml of 35 % hydrochloric acld solu-
20 tion. Then, the resultant mixture 1s 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 agqueous

25 1 ppm indium (In) solution as an internal standard.




U c”a] c™a] calU] cal] caU] calU] cal] caU] caU] cal] caU] caU] cal] caU] cal] cal] ca

U] c™a] ca] ca] ca] cal] ca] cal] cal] caxU$\ 8MDbe;

sai | vpke _ZTj e U] U] ca] cal] cal] ca] cal] cal] cal] ca] cal] cal] ca] cal] ca] cal] ca] ca
Ul c”a] ca] ca] ca] ca] ca] calU] ca] caU] ca] ca] cal] ca] caU] ca|\i FQaTzupke_ZU e U] U c
a] caU] caU ca] ca] ca] ca] ca

Ul c*a] ca] caU] cal] ca] cal] ca] ca] caU] ca] caU] ca] cal] ca] caU] ca] ca] caU] ca] ca

Ul c”a] cha] cavy GkGyxrmhc"YSj e U] U] ca] ca] ca] ca] ca] cal] ca

U] c”a] ca] caU] ca] cal] ca] ca] caU] ca] caU] caU] ca] cal] ca] cal] cal] ca] ca

U c”a]caU caUcaJcaUca // @ (.0=jysnga\VQ e ] cal] ca] cal cal] cal] cal] ca

U c*aU] cal] ca] cal] caU] ca] calU] cal] ca] ca

Ul c™a] ca] ca] ca] caU] ca] cal] ca] ca] ca] c”a] cal] ca] caB¥J1 7m{ upj d*YTj e ] c] ca] caU
] caU] caU] ca] caU] caU] cal] cal] ca] ca] caU] ca] caU] ca] ca] c*a] ca] ca] ca] ca] c”a]ca]c
a U c”a] cal ca] cal] ca] cal] caL<wWot ¢{ (36DGz{upj c] W e U] cal] cal] ca

Ul c”*a] c”a] cal] ca] cal] ca] cal] ca] cal] ca] cal] cal] caU] cal] ca] cal] ca] cal] ca] ca] c
aU] ca] ca U] c”a]ca]ca] ca] caFGSlj! X&) 6{voi d*YSN c] cal] ca] caU] ca] cal] ca




Ul c”a] ca?) cal] caU] tRNARS SRYTHFE&YEaU cay] cal] caU] cal] cal] caU] cal] caU] ¢
aU] cal] cay] cal] cal] ca 4g?. 1g&W 2i
i {upj d_YTcal] cal] ca] cal] cal] ca] cal] ca] ca] cal] ca] ca] ca] caU] ca] ca] ca] cal] ca]

Dokt b oG S L T R B

ﬂg,\g% g:ﬂ EZHC; L{gfﬁ‘%‘gfﬁ%;ﬁ%{ﬁ%ﬁaﬁf&ions for preparing a callbra-
U cra] ca] call call cabBfttlrve 2 | YEYPL80X5E) rahsabh cablcabbrabk cal cal cal

cal ca] cal] ca

U ca] capl] ca] ca] cag €& Cahd tpd @adlus b k@] vad s@diln 2] adeod cadd sp2ehky| Vg
2k#\ | vpj dAXS{ vpj d*YSc] ] caU] caUl cal] caU] cal] caU] caU] caU] cal] caU] cal] caU] caU]
cal] cal] cay] cal] casgepdh cott) €clhedbh € abbreaihtiq] 60e] nethtappacési Hh! ;

HK#| uoi dM"XR{ vpj d*YSc] U] cal] cal] ca] cal] cal] ca

U] cMa] cal] cal] caU] esatd owd) eongerttabions (5 to 10000 ppb by weight) is
U] c”a] caU] cal] cal] cal] caU] caU] cal] cal] cal] ca] ca
U] cna] cha#4f QOb?} wekepadSMNl d] caU] caU] cal] cal] caU] caU] caU] cal] cal] cal] ca] cal]
cal] cal] cal] cay] cal] cal] cal] cal] cal] calU] cal] ca] ca
U] c*a] c”a] cal] c@U] ¢ al Oul Graai$ Xag@egusi t diwalhdipmal Tal] ealitipvapsal] cal
ca] caU] cal] cal] ca] ca] ca] cal] ca] ca
Ul c*a] ch®)] ca] cal] can) tetexpeh ftandardaleaadded to 5 g of each of the
standard solutions prepared in step ® individually,
thereby obtalning 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




U cra{&) 7: pJ" T>Mb47zuoj d_XSca] ca

Ul c”a] caU] ca] cal] ca] cal] ca] caU] ca] calU] cal] ca] caU] ca] cal] ca] ca] cal] ca] cal] ca
]cal ca U] c”a] cMa] ca] cal] ca] cal] ca7nQ : o2i 7S} xsnga[ U U] caU] cal] ca

Ul c™a] ca] ca] ca] caU] ca] ca] ca] caU] ca] caU] ca] caU] ca] ca] ca] caU] ca] ca] ca] ca]ca]c
aJcalcalcalcajcalJca 4 + . ? B ,a@#\ 0) m}w | faZUP} xsn] ca] ca

Ul c”*a] caU] cal] ca] cal] caU] calU] cal] caU] cal] cal] caU] calU] cal] ca] cal] ca] ca




Example 1
U cn ) !lia!l
it C:{J}cgg]chg] ch]a(l:J]A;?U] cal] cal] cal] ca@éﬂcgﬁ>%ﬁ&a Vn ;%]a]sc%lg_]o%u] C%U] cal] c
LﬂcAa]cAa]ca]ca]ca]ca]ca]ca]ca]ca]ca( +
LEIT 111/ "B c" " " ¥sae Shenmuafuaiiam E]"r?é" shown in Fig. 1.

e e,
9 ni ca c c

4 e LA A

] ca] call caU) od) ACe c%%%f&%]‘&%ﬁ%\% ﬁ%éﬁ%{ﬁ% S’ia*‘w&? l1ga0 cal caut o

Scralealgel ool SUGAAR S GELE ) Sl Aol Mbd sl O40GE 20dg6d81ve ends.
U cna] call call cahlgal 62 £l catd ortd cattsakd g athend €0 U cadlaaisad) and) call o

fﬁﬂcaLﬂca]ca

c”a] cal ca] ca 7

" Zysl gb\ WG d_ Uﬁ%g]céﬂﬁca]ggé€§66§ﬁégﬂ £Ir 868 BPISOERY Land  storing a

U cna] cha] cal] caj e crdcaprashess) sphne bondiensbeaboatnat] th cabheal caU

] ca] caU] ca] cal] ca] ca; ; q; ; ; <&* <r <Me=' >[ >>>>2222727?|

AUAAAT BBOBCx Czt e MR 6 Ut saUreask coh cabhsal) cah ba] aask talkda] CBid ca] ca

15 thus prepared reaction vessel was used for producing a

heteropolyacid catalyst solution. 1 liter of tetrahy-
drofuran (THF) and 600 g of sllicotungstic 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 perliodically
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
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poclymerization reaction mixture comprising a reactlion-

formed THF organic phase contalning a polyoxytetra-
methylene glyccl and a reactlion-formed agueous

20 THF /catalyst phase. The retentlon 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 agqueous

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

25 tion reaction mixture was transferred into first,
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reaction-formed aqueous THF/catalyst phase (CP) was re-
cycled to reactor 2. |

10 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

15 was adjusted to 45 to 50 % by welght, 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-

20 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

25 1 Torr before subjecting to GPC analysis. The results
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following operations for adjusting the hetercpolyacid
10\ 10\
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phase-separation vessel 6§ and stirred for 5 minutes at
10 room temperature, thereby obtalning 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 1s a solution containing polyoxy-
tetramethylene glyccl was placed in a 500 ml eggplant
type flask which was warmed in a water bath maintained
at 50 *C. Subsequently, the solution was applled 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 column had an
outer jacket in which water heated to 45 °C was circu-
lated s0 as to maintain the inner temperature of ad-

sorption column 7 at 40 °C or higher.

25 An eluate (approximately 200 g) obtalned from ad-
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tillation column (number of theoretical plates: 10).
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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 glycol as a main com-
ponent and a phase contalning n-octane (S) as a main
component. The lower phase (approximately 30 g) con-
15 taining polyoxytetramethylene glycol was taken out from
third, phase-geparation 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-boliling point substances
20 (LBPS), such as n-octane, THF and oligomers, were dis-
tillied off to thereby obtain 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-
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described in item (4) above. The heteropolyacid con-
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‘ 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 intc 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/m3 which was the same
as that of Example 1.
With respect to the produced polyoxytetramethylene

glycol, the number average molecular welght was 1940;

the molecular welght distribution was 1.65; and the

- 25 - content of high molecular weight PTMG molecules was
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the number average molecular welght thereof, by de-
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DRDODDDDOC 10”5, 0e {030, (91id (ddleiiakner 189 19%xample 1, thereby ob-
taining PTMG. The heteropolyacid content of the PTMG
1o was 230 ppb by welght. 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 polyoxytetramethylene

glycol was effected in substantially the same manner as
in Example 1, except that 80 ml of a phosphomolybdic
acld 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 agueous THF/catalyst phase in the reac-

25 tor at 1.8. In addition, the P/V value was 2.3 kW/m’.
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content of high molecular weight PTMG molecules was
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0 ° The heteropolyacid (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 weight 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 same 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 produced polyoxytetra-

25 methylene glycol, the number average molecular weight
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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 phosphomolyhbdic
acid solution having a specific gravity of 1.8 was used
as a catalyst scolutlon, 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 average mo-
lecular weight was 1300; the molecular welght distribu-

tion was 1.7; and the content of high molecular weight

25 PTMG molecules was 3.98 % by welght.
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heteropolyacid content of the PTMG was 450 ppb by
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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/m3. With respect to the produced-
polyoxytetramethylene glyccl, 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
welght.

The heteropolyacid content of the produced poly-

oxytetramethylene glycol was adjusted in the same man-

25 ner as in Example 1. The heteropolyacid content of the
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10% & () - *MuX91yst solution. Specifically, the operation for produc-
10 ing polyoxytetramethylene glycol was effected in sub-
stantially the same manner as in Example 1, except that
the reaction conditions shown in Tables 2 and 3 were
employed. In addition, the volume (V) of the liguid 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 agueous THF/catalyst phase at
2.07.
In order to elucidate the correlation between the
molecular welght distribution and the V/F value of THF
20 in the reactor, in Examples 6 to B, polyoxytetra-
methylene glycols were produced under the reaction con-
ditions where the P/V value was fixed at 1.95 kW/ma.

With respect to other reaction conditions, the condi-

tions shown in Table 2 were employed. The number aver-

25 age molecular welghts and the molecular weight dis-
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PTMG's obtained in Examples 6 to 8 were 260 ppb, 310

ppb and 220 ppb by welght, 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 g;l:g:
ﬁg:gﬁfcq Hetero- iiq:i: ;ﬁ;? of V/F | cata-
tions polyacid reactor: F (Hr) lﬁg:e ¥n Mw/Mn
v {ml/Hr) P(ml)
(ml)
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

Example 6 (PTMG obtained by adjusting the heteropoly-

acid content of the polyoxytetramethylene glycol) which

shows the molecular welght distribution of the PTMG.
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Amolecular weight) = 4.04 or more), which are at least

10 - six tlmes as large as the number average molecular
welight (Mn = 1810; log Mn = 3.26) of all PTMG molecules.

 The ratio of the area of the hatched portion to the to-
‘tal area of the peai is 2.29 %.
Next, in order to elucidate the correlation bhe-

15 tween the molecular weight distribution and the P/V
value.applied to the liquid in the réactor, in Compara-
tive Example 2 and Examples 9 and 10, polyoxytetra-
‘methylene glycols were produced under the reactipn con-

..ditions in which the V/F value and the volume of'the

20 catalyst phase were fixed at 9 hours and 133.3 ml, re-
spectively. With respect to other reaction conditilons,
the conditions shown in Table 3 were employed. The
number average molecular weight and the molecular

‘welght distribution of the produced polyoxétetra—

25 methylene glycols were determined. The results are
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10% 0&' () - <10% & ()= Pl0% o&: 1094 08, () -+ 10" o 10 kd
<110% og()clO% ogfﬂ%ﬁ'é%aiggfo&ﬁ%@ E)/o %‘@??’-‘%%%%/?oi' %‘hjg% %P (329 3" 10% o0&
() - 7ndENN < 1094 0Y3 A% @&’ L)a Y6 30% Q&' L) - b 08l )
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ther, the polyoxytetramethylene glycols obtalined after

adjusting the heteropolyacid contents were analyzed by

10 GPC. The results are shown in Table 5.
Table 3
Volume Motlve power
of the applied to
ligquild the liguid
Reaction Hetexo- in the in the P/V
condi 3 Mn Mw/Mn
polyacid | reactor: | reactor: {kW/m")
tions v P
(ml) (W)
Phospho-
g.]c:mpé tungstic 420 462 1.1 1800 1.91
' acid -
Ex. 9 ditte 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 welght 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 obtalned from the results shown 1n Ta-
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<1 10% glyccl was effected in substantially the same manner as
in Example 2, except that 180 ml of a phosphotungstlc
acld sclution 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
kW/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 weight distribution was 1.68; and the
content of high molecular weight PTMG molecules was
4.35 % by welght.
Further, the heteropolyacid content of the pro-
20 duced polyoxytetramethylene glycol was adjusted 1in the
same manner as in Example 1, thereby obtaining PTMG.
The heteropolyacid content of the PTMG was 590 ppb by
welght. Further, the PTMG obtained by adjusting the

heteropolyacid content of the polyoxytetramethylene

25 glycol was analyzed by GPC. The results are shown in
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1 to 11 and Comparative Examples 1 and 2 was determined
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d"R10% & () - h YPERIDATRTET Y PSP 3456 780y (5428d] RIOHG & 420- 1| 420 | 420
Volume of the catalyst

—=J

phase (ml)} 110 160 80 60 200 200
Volume of the THF organic
phase (ml) 310 260 340 360 220 220
??g?tion temperature 60 60 60 60 60 60
Feeding rate of THF: F
(ml/Hr) 28 42 42 32.3 42 42
V/F (Hr) 15 10 10 13 10 10
P/V (kW/m%) 2 2 2.3 2.3 2.2 1.2
Mn 1940 1940 1060 1055 1300 1295
Before
adjust- Mw /Mn 1.8 1.65 1.7 1.8 1.7 1.85
ﬁzgzrgf Content of
polyacid high molecular
content welght PTMG 4.1 2.98 4.35 4.94 3.98 4.8
molecules*’
{% by welght)
Heteropolyacid
content 300 230 600 690 450 590

(ppb by weight)

451 510
After Viscosity (cP) 8§36 725 33z 356

addust-  lmn 1960 | 1950 | 1070 | 1060 | 1310 | 1300
hetero-
polysoid |M#/Mn 1.79 | 1.65 | 1.7 | 1.8 | 1.68 | 1.85
conteant

Content of
high molecular
walght 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-
lecules having molecular weights which are at least six times

as large as the number average molecular weight of all PTMG
moleculas.
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Specific gravity of the
2.07 2.0714 2,07 2.07 2.07 2.07 1.80
d" R10% & (S28L SALOD b nRODEVYSMUA? L 109 & (V] T0ua#g () -1 "]
O e B ok roar| @piieseda ey, § B78]| - wi| vzo
109G#&' () [ty 2O8GHIE, (3 - (Ra3T Toay 10w’ | @ A o G AN Pt e
*10%#&' ([Voleh@%EF &he Jocalalvso 70 & )W YIHI0YeH&E = 9#10YeH#& {13
" 1 1 3 3 80
"109% & ()LBRee UM )dp" 109N&S' () - 01 Jode (?3-° (\ %‘\u& )3 LdPlioi LG} -l
#1098 & (] Forme REEBOERIE() - Xt [ T246U47 360 Headd IPIEI% | ey | Ps Y@ ()-Z
Lp#10% $t gr,gpnga phase (ml
(?\S")’tmn temperature 60 60 | 60 60 60 60 60
’ Feedlng rate of THF: F
(ml/Hr) 64 42 28 28 46.7 46.7 100
V/F (Hr) 6.5625 | 10 15 9 g 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 l.6 1.69 1,79 1.91 1.71 1.62 1.68
e .of [Content of
polyacid high molecular
content | welght PTMG 2.29 [3.05|3.89| 4.73 | 3.24 | 2.89 |4.35
moleculegs!
(% by welght)
Hercpolyacld
content 270 310 220 330 280 270 530
(ppb by weight)
- 242
After Viscosity {(cP) 638 698 761 838 695 638
adijust-
ment of Mn 1800 1810 | 1820 1800 1795 1820 856
hetero-
pglfmgid 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 .19 2.70 4.45
molecules#’
(% by weight)
*) High molecular weight PTMG molecules ars 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.
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10 Torx to distill off low-boiling point substances (such
as THF), thereby obtaining polyoxytetramethylene glycol.
With respect to the obtalned polyoxytetramethylene gly-
col, the number average molecular welght was 1810; the
molecular welght 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 humber average
molecular welght of all polyoxytetramethylene glycol
molecules) was 2.29 % by weight. The polyoxytetra-

20 methylene glycol was subjected to the following cpera-
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
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' phases (containing polyoxytetramethylene glycol, THF,
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-3"109%0( & ()-bA410T( OSHIOW & ()- "10%8"'S& ()- d"10%4"4& ()- 6#
1096 S& () - (y1G¥3rSA'ng at0T0180 (For {120 miiitesl.% The/z Yateds carbon
L9% 10% & ()-p& Lp#10%6"'S&' ()- & Lp#10% & ()- 109%8'S& ()- 0SHI10YS! S& ()-+ ..
- . 7 B1oW10 +ei€ 0%8msved by’ £od4gation vpimyja grembrangsfiigersios' s

| #/"1096"S& ()- i #/"10%W & () - ‘
thereby obtalning 2420 g of a solution containing 530 ¢
of polyoxytetramethylene glycol, 390 g of THF and 1500
g of n-octane. _ |
Half the amount (i.e., 1210Ag) of the obtained so-
15 - lution was heated in gncﬂf bath maintained at 100 °C
to thereby distill off a part of THF contained in the
solufion. Next, the solution was allowed to stand
still to thereby separate the solution into two phases,
namely a polyoxytetramethylene glyqol phase and an n-
20 octane phase, and the upper n?octane phase was elimi-
nated. The remaining lower polyoxytetramethylene gly-
col phase was subjected to distillation at 60 °C under
1 Torr. The low-boiling point substances (such as THF

and n-octans) were Aistilled off to thereby obtain 256

25 g of PTMG.
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°C under a reduced pressure of not more than 1 Torr to

distill off low-boiling polnt substances (such as THF),
20 thereby obtaining polyoxytetramethylene glycol. With
respect to the obtained polyoxytetramethylene glycel,
the number average molecular weight was 852; the mo-
lecular weight distribution was 1.68; and the content

of high molecular welght polyoxytetramethylene glycol

25 molecules (the molecules having molecular welghts which
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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 weights 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 welights
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molecular weight distributions, different contents of
high molecular weight PTMG molecules and different het-
eropolyacid contents were subjected to heat resistance

20 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
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The results are shown in Table 7.
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Mw/Mn 1.60 1.69_ 1.74
f109%0#& ()-1 FOHOHE ()—+—HOUHE () ——HOMHEI L) —ghiHz{] 021 HO%OHE () -
10%0#8& ()-t 109G#RETE PAD 109Q#& () -t 109%#& ()-t 109%9#& ()-t |}~ |@21

. molecular welght !
10% 10%0#& () - | pTMG molecules 2.28 2.28 8.32

(¥ by welght)

Heteropolyacid

content 270 2880 200

{ppb by weight)

Results of heat

raesistance test

fﬁ;‘;iﬁ?_]‘s)"r““re 0.22 0.32 0.30

?§§§§?t1°1ty <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 i1t 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 welght of the PTMG after
the heat resistance test were small because only a

10 small amount of low-boiling point substances were gen-

erated by the decomposition of the PTMG. The results

of Test Example 12 are excellent over the results of
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f,-./:;<hD+2 1Q004¥ifEx 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 10 to 900 ppb by
welght, exhibits Ilmproved properties with respect to
heat resiﬁtance 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 producingrthe 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

flber.
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(2) a molecular weilght distribution of 1.8 or less
in terms of the Mw/Mn ratio, wherein Mw represents the
welight 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
welght of all PTMG molecules, wherein said high molecu-
lar welght 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

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

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

1.7 or less.

3. The polyoxytetramethylene glycol according to
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104" & ()- Y}1®0 &b bFSEPGHE ()- 10%"& ()- <10%"& ()- Y)}10%9"& ()-b
Q|[:vWL4 Y*10%4"& ()- F) 10%4"& ()- YC 10%"& ()- YY% 10%"& () -

p#M 1094 " & ()- Y! 10%"& ()-\_ |[NA4 10{"10{"10{" s6 109" & ()-
v210% " & ()- YO 10%4"& ()- v. 10%9"& ()- , 10%9"& ()- T|[:NAM 10 P

109" & ()- VY| 1% " &¥ ynethod 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 sald water
is present ln 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 liguid in said
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comprislng a reaction-formed tetrahydrofuran organic
phase contailning a polyoxytetramethylene glycol having
a number average molecular weight of from 500 to 3,000
and a reaction-formed aqueous ‘tetrahydrofuran/catalyst
15 phase, | |
separating said reaction-formed tetrahydrofuran
organlc phase contalning saild polyoxytetramethylene
glycol from sald polymerization reaction mixture, and
adjusting the heteropolyacid content of sald poly-

20 oxytetramethylene glycol to a level of 10 to 900 ppb by

welght.
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