1 TITLE OF THE | NVENTI ON Pol yoxyt et ranet hyl ene gl ycol and net hod for
produci ng the sane 5 BACKGROUND OF THE I NVENTION Field of the Invention
The present invention relates to a pol yoxytetra- mnethyl ene glycol
(hereinafter, sinply referred to as "PTM3') and a nethod for producing the
sanme. More 10 particularly, the present invention is concerned with a PTMG
having not only a limted content of from2lto 5 % by weight with respect
to high nol ecul ar wei ght PTMG nol ecul es, wherein the high nol ecul ar wei ght
PTMG np- | ecul es are defined as BINGENOFerHEt envENgGIomw nol ecul ar 15 wei ghts
which are at |least six tinmes as |arge as the nunber average nol ecul ar

wei ght of all PTMG noPetwbxstetianetdlyiena yayyoli and efetissdrimol yaci d
content of from 10 to 900 ppb by weight. The present invention is al so
concerned with a net hpvedweing ctheissgesuch PTMG. The 20 PTMG of the present
I nvention exhibits inproved proper- ties with respect to heat resistance
and | ow viscosity. By virtue of these inproved properties, the PTMG of the
present invention can be advantageously used as a raw material for a

pol yester Sel astic fiber, a polBAL 1H 3 LN} { and the like. 2
Prior Art

Field of the Invention

The present invention relates to a polyoxytetra-

methylene glycol (hereinafter, simply referred to as
"PTMG"”) and a method for producing the same. More

i0 particularly, the present invention is concerned with a
PTMG having not only a limited content of from 2 to 5 %
by weight with respect to high molecular weight PTMG
molecules, wherein the high molecular weight PTMG md-
lecules are defined as PTMG molecules having molecular

15 weights which are at least six times as large as the
number average molecular weight of all PTMG molecules,
but alsc a very limited heteropolyacid content of from
10 to 900 ppb by weight. The present invention is also
concerned with a method for producing such PTMG. The

20 PTMG of the present invention exhibits improved proper-
ties with respect to heat resistance and low viscosity.
?y 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.



PTMG is used as a raw material for, for exanple, a polyester elastic fiber
and a pol yurethane elastic fi- 5 ber. As described in Japanese Patent No.
2,525,155, in general, polyether type polyners, such as PTMG are Ilikely
to suffer deterioration by oxidation, U/ rays and heat. Thus, although
PTMS exhi bits excellent prop 10 erties as raw materials for resins and

| ubricants, de- terioration of such a polyrer has been a problem For
exanple, a part of PTM5is deconposed by heat applied to the

pol ymeri zation reaction or by heat generated during the polynerization
reaction, and the resultant 15 polymer product suffers discoloration and

| onering of thekel@astAxt properties (such as strength and el onga- tion),
whi ch are caused by the heat deconposition (heat deterioration) of a part
of the PTMG Ther ef orREMG hiey exsdds am demrawdméderba PTG ha@smexexgak!, eat heat
resi stance. 20 Various stabilizers for PTMG are known in the art, but nost
of the stabilizepslygstemtdlnd idiantfibelm aaddia- ppivireitares alotsad o Fat-
conventional stabilizers for preventing heat deterioration e-u isa[t-x"
snctory. $pe- cif8kally, an aromatic stabilizer (Japanese Patent No. 25
2,535,155) is frequently used for preventing heat dete 3 rioration, but it
is likely to cause difstdlesanibeg ¢gh Japanese nda el dthuct2 &5 ,il5Saynal so
cause environnmental pollution.

general, polyether type polymers, such as PTMG, are
likely to suffer deterioration by oxidation, UV rays
and heat. Thus, although PTMG exhibits excellent prop-
10 erties as raw materials for resins and lubricants, de-
terioration of such a polymer has been a problem. For
example, a part of PIMG is decomposed by heat applied
to the polymerization reaction or by heat generated
during the polymerization reaction, and the resultant
15 polymer product suffers discoloration and lowering of
the elastic properties (such as strength 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 Various stabilizers for PTMG are known in the art,
but most of the stabilizers are antioxidants. In addi-
?ion, it is noted that conventional stabilizers for
preventing heat deterioration are unsatisfactory. Spe-

cifically, an aromatic stabilizer (Japanese Patent No.

25 2,535,155) is frequently used for preventing heat dete-



In addition, since the viscosity of PTMcis rela- 5 tively high, heating of
the polynerization systemis necessary for producing PTM5 by an

econom cally and comercially advant ageous pol yneri zati on nmet hod which
enpl oys no solvent or only a small anount of solvent. Wen a PTMGis
produced in the absence of a solvent, 10 heat deterioration of produced
PTMG becones a problem Accordingly, there3is a demand for PTMG havi ng
both the inproved properties with respect to both heat resis- tance and

| ow vi scosity. Fotédhetiomhebweldit iimn JafkelRe tabedesaeat seseskSiimn bF bili zer
has a danger of causing discoloration and |ow ering of the elastic
properties (suchamsultimage panilictelardgdtti any afsbheaped yererinvmedndtal
Therefore, there has been a strong demand for a method of produci ng PTMG
havi ng i nproved peblutbksik st ance, wherein the anmount of 20 additives, such
as a stabilizer, is suppressed to a |level as |low as possible. Further,
PTMG havi ng hi gh vi scbsiaddifaon hesingle- thewwhgcpsbhy eos . PENG i sPI8bBa-s used
in a polynerization thereof with other conpounds in the absence of a sol
25 vent, Bt becoht¥ehecdcktgly yheatigeplody thiegbopyhenbeakion sysimm is
tenperatures. Even when the PTMS enpl oyed has a high heat resistance, the
advant ages of i tReFegfFereafor reeedicimee PFMEp oYt raseapromiality lanfed in such

a poly- nerization as needs hk?h t enper at ures.
commercially advantageous polymerization method which

employs no solvent or only a small amount of solvent.
When a PTMG is producéd in the absence of a solvent,

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

Further, the addition of the above-mentioned sta-
i5 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 suppressed to a
level as low as possible.

a Further, PTMG having high viscosity has the fol-
lowing problems. When PTMG is used in a polymerization

thereof with other compounds in the absence of a sol-

25 vent, it becomes necessary to employ high polymeriza-



5 SUMVARY OF THE INVENTION In this situation, the present inventors have
made extensive and intensive studies wwth a view toward de- vel oping a
PTMSG havi ng i nproved properties with respect 10 to both heat resistance and
| ow viscosity. As a result, it has unexpectedly been found that, when the
PTM5 has not only a nDIecuIar wei ght distribution as narrow as 1.8 or

| ess so that the viscosity of the PTMG becdhes |ow, but also a content of
hi gh nol ecul ar wei ght PTMG 15 nol ecules within a specific range (2 to 5 %

by weight), whetebm t &t ghured ecrban webghtnEMEd g wyes aae adefined

as being PTMG nol ecul e avi ng nol ecul ar weights which are at |east six
times as |arge a&slgmehe@urﬁ)@msaﬁ/@r@e tie! eavkatayes ot Dfs aligiPh¥at

nol ecul es, 20 the crystalline, high nolecular weight PTMS nol ecul es

cont ai ned in therddMsloceopropdfieilespaasensepatalissd Dutsidt &f geliywi th the
| ow nol ecul ar wei ght PTMG nol ecu- |les which are likely to suffer heat
deconposi tion, méetsdyionpps assadg Hilgh teapedatanpesi tion of the PTMG 25
Such a PTM5 notw thstanding a | ow viscosity thereof, 5 has high heat
resistancé. Further, it has unexpectedly been found that, when the PTMG
contains a heteropoly acid (which |s a re5|due of the polynerlzatlon

het ero- polyacid catal yst (for : RIONanmount 5 within a

specific range, a plurality of aC|d groups of
In this situation, the present inventors have made

extensive and intensive studies with a view toward de-
veloping a PTMG having improved properties with respect

10 to both heat resistance and low viscosity. As a result,
it has unexpectedly been found that, when the PTMG has
not only a molecular weight distribution as narrow as
1.8 or less so that the viscosity of the PTMG becomes
low, but also a content of high molecular weight PTMG

15 molecules within a specific range (2 to 5 % by weight),
wherein the high molecular welght PTMG molecules are
defined as being PTMG molecules having molecular
weights which are at least six times as large as the
number average molecular weight of all PTMG molecules,

20 the crystalline, high molecular weight PTMG molecules
contained in the PTMG do not suffer phase separation
Put 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,



t he heteropolyacid nolecule interact with hydroxyl groups of a plurality
of PTMS nol ecules to thereby form crosslinking sites, so that the heat
resi stance of the PTMGis further inproved without suffering pronotion of
10 depol yneri zation of the PTMG In addition, it has unexpectedly been
found that the above-nentioned PTMG havingbexcellent properties wth
respect to both heat resistance and | ow vistosity can be effectively and
efficiently obtained by a nmethod 15 which conprises subjecting

t et rahydr of ur an d&if}i410 Heatd HesMitiandll ONFiLadd O Y had GABkbBHOLEL
pol ynmeri zation reactor with a stirrer in the presence of a heteropoly-

acid catal yst, iveahi duideciol yilienZaheOPTHEAEbLDALLS a RRIFerioRAy-N the
presence of water in an anount suffi 20 cient to forma tetrahydrofuran

organi ¢ phase angchd (wWigUawUuss tetrealiyitieoblir a8néCcpd et i dEism hateng-a
speci- fic gravity of from1.8 to 2.3, while maintaining the retention
time of tetrahydpoiyaaidicrtdieyateddoar PEMEHI) Ninaaspecy femallamgeupat 0.5 to
20 hours) and while nain 25 taining the notive power applied to the liquid
in the 6 5react owithtim spamdiftio alange( la3pk\WWfadityoo® daid proepe ofbtain a
pol yneri zation reaction m xture conprising a reaction-forned

t et rahydr of ur an bheaméteptskyauit molecudg anpergorywkih diptdoxydne gl ycol
havi ng a nunber av 5 erage nol ecul ar wei ght of from500 to 3,000 and a
reac- tion-fornedrepRrrs a akuralditaf ofaff¥at mpyescubpmisko thereby form

crosslinking sites, so that the heat reslstance of the
PTMG is further improved without suffering promotion of
10 depolymerization of the PTMG.

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

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

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

25 taining the motive power applied to the liguid in the



separating the reaction-forned tetrahydrofuran organic phase containing

t he pol yoxytetranet hyl ene glycol from the polynerization reaction m xture,
and adjusting the 10 heteropolyacid content of the pol yoxytetranethyl ene
glycol to a level of 10 to 900 ppb by weight. The present invention has
been conpl eted based on the above-nentioned findings. Accordingly, it is
an object of the present inven- 15 tion t05provide a pol yoxyt et ranet hyl ene
glycol (PTM3 having inproved properties with respect to both heat

resi stance and |mwaotecost ty.spgdcificanatiier { 0bp aar) adr tivreprivs @mlerbyent i on
to provide a nethod for effectively and efficiently pro- 20 ducing the
above- nent i oned ¢HME e i prgl ynrgariciesd opr epact io® sminivre espeatisiogbat h heat
resi stance and | ow vis- cosity. The foregoing and other objects, features
and ad- vant agesredctivn pfegeni teatrahydeofuaradh degappanenrisd won2ainhose
skilled in the art fromthe follow ng detailed 7 description and the
appended cl ai ns imken polporyiaditame thpilehet §byack drpaimg ey rrbeimegy - BRI EF
DESCRI PTION OF THE DRAWNGS 5 In the drawings: Fig. 1 is a schematic

di agr am showi ng e¥rRg9reelrculdn vesighttepfueomf 500 tte PO @nd lse rpeesent

I nvention; and

tion-formed aqueous tetrahydrofuran/catalyst phase,
separating the reaction-formed tetrahydrofuran crganic
phase containing the polyoxytetramethylene glycel from
the polymerization reaction mixture, and adjusting the
10 heteropolyacid content of the polyoxytetramethylene
glycol to a level of 10 to 900 ppb by weight.
The present invention has been completed based on
the above-mentioned findings.
Accordingly, it is an object of the present inven-
15 tion to provide a polyoxytetramethylene glycol (PTMG)
having improved properties with respect to both heat
resistance and low viscosity.
It is another object of the present invention to
provide a method for effectively and efficiently pro-
20 ducing the above-mentioned PTMG having improved proper-
ties with respect to both heat resistance 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



Fig. 2 is a chromatogram of the PTMG produced in 10 Exanple 6 which
t he nol ecul ar wei ght distribution of the PTM5 wherein the abscissa
the logarithm (log) of the nolecular weight, the ordinate shows the

wei ght

nol ecul es,

% of component PTMG nol ecul e, based on the total weight of al
the intersection of the 15 verti cal
absci ssa shows

the logarithm of the nunber? average nol ecul ar wei ght,

the area of the hatched portion shows the anount of the PTMS nol ecu
havi ng nol ecul argemiaiptsionialn ane a@Pehaaat cPa¥md | fBEPS ] JchRedsibh
0

nunber average no 20 | ecul ar wei ght

all PTMG nol ecul es. Descripti

Ref erence Nuner afisthl tisd idd®impatiyingaarawingswat er feedi ng tank 25 4:

first,

phase-separation vessel 8 5: distillation vessel 6: second,

phase-separation vessel 7: adsorption colum 8: distillation columm
third, phase-separation vessel 10: vacuumdistillation vessel DETAILED
DESCRI PTI ON OF THE | NVENTI GRIEF OBSCRIPETONOOF t THE (WRISEINGS nventi on,
10 provided a pol yoxytetranet hyl ene glycol (PTM3 having

is

5
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15

20

25

In the drawings:

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

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

Description of Reference Numerals
1: stirrer
2: reactor
3: water feeding tank

4: first, phase-separation vessel

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

nol ecul ar wei ght of PTMS and Mh repre- sents the nunber average nol ecul ar
wei ght of PTM5 (3) a content of high nol ecul ar weight PTMG no- | ecul es of
from2 to 5 % by weight, based on the total® 20 weight of all PTMG

nol ecul es, wherein the high nolecu | ar wei ght PTMG nol ecul es are defined as

PTMG nol ecul es  haw.ng n@iegulianwehobbsswhi ch are at least six tinmes as
| arge as the nunber average nol ecul ar weight of all PTMS nol ecul es; and 25

(4) a heteropol yacigt contifor®, phedel8ep@r@Pfomphedkeidy wei ght. In another
aspect of the present invention, there 1Is provided a nethod for producing
t he above-nentioneds: pol wagdsitiameichytene gl ycol (PTM3, which conprises 5
subj ecting tetrahydrofuran to a polynerization reaction in a continuous
pol ynmeri zation read:0r wdista lStatioar collamithe presence of a heteropol yacid
catalyst, while feeding tetrahydrofuran to the continuous polyneriza- tion
reactor, 30 the pol%:neri Zatim phaski-eapbesatiorordsgaiously performed in
t he presence of water, wherein the water

10: vacuum distillation vessel

DETAILED DESCRIPTION OF THE INVENTION

In one aspect of the present invention, there is
10 provided a polyoxytetramethylene glycocl (PTMG) having
the following characteristics:
(1) a number average molecular weight of from 500
to 3000;
{2) a molecular weight distribution of 1.8 or less
i5 - in terms of the Mw/Mn ratio, wherein Mw represents the
weight average molecular weight of PTMG and Mn repre-
sents the number average molecular weight of PTMG;
(3) a content of high molecular weight PTMG mo-
lecules of from 2 to 5 % by weight, based on the total
20 weight of all PTMG molecules, wherein the high molecu-~
lar weight PTMG molecules are defined as PTMG molecules
Paving molecular welghts 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



IS present in an anmount sufficient to forma tetra- hydrofuran organic
phase and an aqueous tetrahydro- furan/catal yst phase which conprises a
solution of the 15 heteropolyacid catalyst in a tetrahydrofuran/ water m x-
ture and which has a specific gravity of from1l.8 to 2.3, while
maintaining a V/F value at 0.5 to 20 hours where- in V represents the
volume (nB) of the liquid in the 20 reactof and F represents the rate
(nB/ hour) of feeding tetrahydrofuran to the reactor so that the V/F val ue
represents the rievem¢igmtti ne (hour or hours) of tetra- hydrofuran in the
reactor and while maintaining a PPV value at 1.3 kWor nore wherein P
represents the notivelR5apoiiesr (defecdpplfi eéliet prehenti tmveh o . hehesact or
and V 10 is as defined above so that the P/V value represents the notive
power (kW nB) apb#iktovidedea meftiel for prioduciobuitbet dbveafgentdanedr eby
obtain a polynerization reaction mxture 5 conprising a reaction-forned

t et r ahydr of ur an PPHEP¥¥tepramethvians mlvgod dEMY6Ayt whichesonpmiaesgl ycol
having a nunmber average nol ecul ar wei ght of from500 to 3,000 and a
reacti on- for ned %ﬁ%@%ﬁglﬁét?%ﬁﬂ@hfﬁnﬁﬁﬂﬂaﬁaﬁél?s@Olﬁﬁagé?aﬂip%é%ﬁ%éﬁ@ﬁg t he

reaction-fornmed tetrahydrofuran or- ganic phase containing the

( ) g
pol yoxyt et r amet hiR e eCOP FLBEOUS R RS ¥ b8y reaciter YERRt3 o IHSeUre, and

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

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

15 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-
in V represents the volume (m3) of the liguid in the

20 reactor and F represents the rate (m3/hour) of feeding
tetrahydrofuran to the reactor sc 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



adj usting the heteropolyacid content of the poly- oxytetranethyl ene glycol
to a level of 10 to 900 ppb by 15 weight. Hereinbelow, the present
invention will be de- scribed in nore detail. The pol yoxytetranet hyl ene

gl ycol (PTM5 of the 20 present invention is a m xture of polymer chains
each independently represented by the followng formula (1): H--

-0 CH2CH2CH2CH2 )m OH (1) wherein, mis independently an integer of from
2 to 4000, preferably from2 to 2100. 11 It should be noted that there is

no need for the fIMz &0 B0l Godfe té?:»etl%%s%ﬂé P}We@&i@i‘ tdpripeatal |

nol ecu- | ar weights |n the range of from2 to 4000 in terns of the value

of m 5 The nunbgge gy M S Y13 /1108 QBPlﬁyE%BgftﬁggloiocgﬁMsp@ ?Jrred

present invention Ts vv|t e range of rom
range of M is 6adidfke t&@é)gaof'l',he i nprovenent in the heat resistance becones
nost significant when Mh is within the range of from 10 700 to 2300,

preferably from800cHordRP boidin lRAYRE1vatabh £ésd¥id ot urdv M
ratio) (Mwvis a weight average nol ecul ar weight) of the PTMG of the

present ipventi ccomprilsfhdra | esstiprefferaklly tét¥ahpdrdBasn oYdamice

preferably 1.66 or less. A PTM5 hav 15 ing an excellent |ow viscosity

characteristic iphades containing a polyoxytetramethylene glyccl having
a number average molecular weight of from 500 to 3,000
and a reaction-formed agqueous tetrahydrofuran/catalyst
phase,

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

adjusting the hetercopolyacid content of the poly-
oxytetramethylene glycol to a level of 10 to 900 ppb by

15 weight.

Hereinbelow, the present invention will be de-
scribed in more detail.
The polyvoxytetramethylene glycel (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, }—O0H (1)

wherein, m is independently an integer of

from 2 to 4000, preferably from 2 to 2100.



tai ned when the MV Mh ratio is 1.8 or |ess. The above-nenti oned M and Mwv
val ues are deter- m ned by gel perneation chromatography (GPC). The con-
ditions (apparatus, types of colums, tenperature, type 20 and flow rate
of carrier (eluent), nolecular weight standards and the |ike) for the GPC
anal ysis are shown bel ow. Apparatus: Shodex GPC system 11 (nmanufactured
and sold by Showa Denko K. K., Japan); 25 ¥dol ums: Shodex OH pack SB806M
(two colums) and 12 Shodex OH pack SB802.5 (one colum) (each _
manuf act ur ed andlsatltbiiyd Sowntaenkhak. tKkere 18pa8)nedRt@nt ahe Piriker enti al

refractometer; 5 Tenperature: 60 C Carrier: 0.02 nol/liter solution of
Li Br in dinet hyhabetuiesief tHeowreaeatofinvbattenr terhave Gl mulecu-Sanpl e:
100 | of 0.8% PTMG solution in the 10 carrier; and Ml ecul ar wei ght
standards: PTMG lah weifght 00 thdvrdnge dE3EromM2 o 283000 (Mdumvhoz 1. 08),
M = 99,000 (MMM = 1.08), M1 = 67,000 (MM Mh = 1.04), WM = 35,500
(MV Mn = 1.06), We =vaBio0E (v V\n = 15 1.09), M1 = 6,700 (MV Mh = 1.13),
Mh = 2,170 (MMM = 1.12), M1 = 1,300 (MM Mh = 1.12), M = 650 (MW Wh
5 The number average molecular weight (Mn) of the
PTMG of the present invention is within the range of
from 500 to 3000. A preferred range of Mn is 650 to
3000. The improvement in the heat resistance becomes
most significant when Mn is within the range of from
10 700 to 2300, preferably from 800 to 2200.
The molecular weight distribution {(Mw/Mn ratio)
{(Mw is a weilght average molecular weight) of the PTMG
of the present invention is 1.8 or less, preferably 1.7
or less, and more preferably 1.66 or less. A PTMG hav-
15 ing an excellent low viscosity characteristic is ob-
tained when the Mw/Mn ratio is 1.8 or less.
The above-mentioned Mn and Mw values are deter-
mined by gel permeation chromatography (GPC). The con-
ditions (apparatus, types of columns, temperature, type
20 and flow rate of carrier {eluent), molecular welight

standards and the like) for the GPC analysis are shown

below.

3

Apparatus: Shodex GPC system-11 (manufactured and
sold by Showa Denko K. X., Japan);

25 Columns: Shodex OH pack SB806M (two columns) and



= 1.18), and THE nononer. In the present invention, for inproving the heat
resistance of PTM5 it is necessary that the content of 20 high nolecul ar
wei ght PTMG nol ecul es (nanely, PTMS no | ecul es havi ng nol ecul ar wei ghts
which are at least six tines as |arge as the nunber average nol ecul ar

wei ght of all PTMSG nol ecul es) be within the range of from2 to 5 % by
wei ght, based on the total weight of all PBMG 25 nolecules. It is nore
preferred that the content of 13 the high nol ecul ar wei ght PTMG nol ecul es

S 2.0 to 3.5 % by wel ght, Meslodaiebr gRLY S804 % I dhidtui)Olpbach based
on the total weight of all PTMG nol ecu In general, |ow nolecular

wei ght PTMG nol ecul es are com:aiuih@eﬁﬁgdt@n@ay@ad%y Rk Benkbarcex. and
the high no- |ecular weight PTMS nol ecul es defined in the present

i nvention suppress heat decomgg@anti;on of PTMG through an interaction
thereof with the | ow nol ecul ar weight PTMS nol ecul es which are likely to
suffer heat deconpddfestidd onDibgeesetialhesFfidet@eitieent of the high

nol ecu- | ar weight PTMG nolecules is nore than 5 % by weight, the PTMGis
i kel y to5separ at e Tenmetainiphaseés,°0anely a solid phase consisting
essentially of high nolecular weight PTMG nol ecul es and a |iquid phase
consisting es 15 sefaymidy: ofd.l0@wmod) ttéarsobiigiin REMELBY daul es. Thus,
t he hi gh nol ecul ar wei ght PTMS nol ecul es are not uni- formy dispersed in
the PTMG |n such a PTMG thdimgthylacetamide;

Flow rate of the carrier: 1.0 ml/min;

Sample: 100 pul of 0.8% PTMG solution in the

10 carrier; and

Molecular weight standards: PTMG, Mn = 547,000

(Mw/Mn = 1.35), Mn = 283,000 (Mw/Mn = 1.08), Mn =

99,000 {Mw/Mn = 1.08), Mn = 67,000 {(Mw/Mn = 1.04),

Mn = 35,500 (Mw/Mn = 1.06), Mn = 15,000 {(Mw/Mn =

15 1.09), Mn = 6,700 (Mw/Mn = 1.13), Mn = 2,170 (Mw/Mn

1.12), Mn = 1,300 (Mw/Mn = 1.12), Mn = 650 (Mw/Mn

Y

1.18), and THF monomer.

In the present invention, for improving the heat
resistance of PTMG, it is necessary that the content of

20 high molecular weight PTMG molecules (namely, PTMG mo-
lecules having molecular weights which are at least six
Fimes as large as the number average molecular weight
of all PTMG molecules) be within the range of from 2 to
5 % by weight, based on the total weight of all PTMG

25 molecules. It is more preferred that the content of



provenent 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 uni- formy

di spersed in the PTM5 however, the inprovenent in the heat resistance
beconmes smal| because only a small amount of high nol ecul ar wei ght PTMG
nol ecules is 25 contained in the PTMG 1413wth respect to the PTMG of the
present invention, the definitions of the nunber average nol ecul ar wei ght
(M), the nol ecutlze WiglghtoXBstrarhweight( MMbhhoreculde isanierdo of hi gh

nmol ecul ar wei ght PTMG nol ecul es which 5 have nol ecul ar wei ghts of at |east
six times as | arged asby hweddhiar enogitv erefisrébliyodst £d)3 Mh % v epriehent ed
by the following formula: WMhr = E (N M) / EN . In the above fornula, N
represents the rivmded @f the tdtdleoelighbti pfaalll WTYEpnebsmiled.heInol ecul ar
wei ght of nolecule i. kﬁi The wei ght average nol ecul ar wei ght (Mwx) whi- ch
is used in the féemRFal Moy nalewpessyatodtbTMBencletibes rard @omtl a: 15
Mv=E(N M2) / E(NN M ) In the above formula, NI and M are as defined
above. M in thelderefll e VY oy depitnsasiataneen (a)d ahoy 1igh Bp-The
content of PTMG nol ecul es havi ng nol ecu

lecular weight PTMG molecules defined in the present
invention suppress heat decomposition of PTMG through
an interaction thereof with the low molecular weight
PTMG molecules which are likely to suffer heat decompo-

10 sition. However, when the content of the high molecu-
lar weight PTMG molecules is more than 5 % by weight,
the PTMG is likely to separate into two phases, namely
a solid phase consisting essentially of high molecular
weight PTMG molecules and a liguid phase consisting es-

15 sentially of low molecular weight PTMG molecules. Thus,
the high molecular weight PTMG molecules are not uni-
formly dispersed in the PTMG. In such a PTMG, the im-
provement in the heat resistance is not large. On the
other hand, when the content of the high molecular

20 weight PTMG molecules is less than 2 % by weight, the
high molecular weight PTMC molecules tend to be uni-
formly dispersed in the PTMG; however, the improvement

in the heat resistance becomes small because only a

small amount of high molecular weight PTMG molecules is

25 contained in the PTIMG.



| ar wei ghts which are at least six tinmes as large as 20 the nunber average
nol ecul ar wei ght (hi gh nol ecul ar wei ght PTMG nol ecul es), based on the
total weight of all PTMG nolecules, is determned fromthe area of a

chr omat ogr am obt ai ned by G°PC (see Fig. 2). In the present invention, a

het eropolyacid is an 25 acid obtained by the condensation of an oxide of
at 15 |east one netal species selected frdfthe group con- sisting of

nmol ybdenum (M), tungsten (W and vanadium (V), and an oxyacid of other

el ements, such as phdéiptio-reasedqtP)to shei POMG (& ) tharmsssent Asjvengepnani um
(Ge), 5 boron (B), titanium (Ti), cerium (Ce), cobalt (Co) and niobium
(Nb). The atoni cthatdef biitienserfaltiepecmbsr vayaomenoleciresr ofeigbtal s
selected fromthe group con- sisting of Mo, Wand V) contained in the

het er opol yaci d (¥n bt hidhe ghehaoilann wetilgbthdietopohybon d{Nw/Mh )5 and tRe 10
The heteropol yacid contained in the PTMcG may be in the formof a salt.
Speci fi c exanpl egceRetef dpIly maleqyd arnye gt pBY® ot ubidisc widicl,
phosphot ungstic _acid, phosphonol ybdotungstic acid, phosphonol ybdo- vanadic
aci d, phoSphonol §¥®dt atriohds @f 25 pedsphwixinyytes afadiaggsaci d,
phosphonol ybdoni obi ¢ acid, siljcotungstic acid, siliconolybdic acid,
silicomol y- bdot#gst® g% Ve GFofPhdBYEngst ovanadi ¢ aci d,

ger manot ungsti ¢ aci d, orotungstic aci d, baronol ybdi¢c acid,

bor onol ybdot ungst i ¢ attt, MBorSnEPPEaseaEEiRY ddisy Following Fformula:
Mn = Z{(NiMi) /ZNi
In the above formula, Ni represents the number of mo-
10 lecules i, and Mi represents the molecular weight of
molecule i.

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

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

25 acid obtained by the condensation of an oxide of at



20 bor onvol ybdot ungst ovanadi ¢ aci d, cobal tnol bdic acid, cobalttungstic
aci d, arsenonol ybdic acid, arsenotung- stic acid, titanonolybdic acid and
ceronol ybdic acid, and nmetal salts thereof. A preferred heteropolyacid is
an oxyaci d obtained by the condensation of an oxide of 25 at |east one
nmetal species selected fromthe group con 16 sisting of Mo, Wand V, and
an oxyacid of at |east one elenent selectédd fromP and Si. The

het er opol yacid content of a PTMGis expressed in terns of the total anount

(ppb) of nol ybderadst tomg-mét£1 eipetidsy aeadeysni frémetietgrauiolamci d,
relative to the weight of the PTMG Wen the anount of heteropoly- acid

contai ned in thesfEHiMud sofl tnd oyhuppliMo hetirgéten egl stant arapfadie PTMG i s
i mproved. It is preferred that the heteropolyacid content is 30 to 800 ppb

by 10 weight, nof¥€) pradi@rablgxfid G00thplh byemenpd] .sddh ias phusiptiered
t hat individual heteropolyacid nolecules influence the hydroxyl term nal
of the PTMG nolmgul €8 Whishl e Migh .malrskenty. (As) gepermnivnhg de)-, droxyl
termnals of a | ow nol ecul ar wei ght PTMG nol ecu 15 | e have high nobility,
and such Bydroxyboxren niBhl staraniwor(siider edriumbéCé} ketgbdld sufd)emndeat
deconposition. Since a heteropolyacid is a polyvalent acid, a plural- ity
of acid groups imiepEunetlE bpolpgcriionbt etaito iof ther aettadi shecheshydr oxyl
groups in a plurality of PTM5G 20 nol ecules to formcrosslinking sites. As a
result, a {any one or more of metals selected from the group con-
sisting of Mo, W and V) contained in the heteropolvacid
to other elements in the heteropolyvacid is 2.5 to 12.

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

15 phosphotungstovanadic acid, phosphomolybdoniobic acid,
silicotungstic acid, silicomolybdic acid, silicomoly-
bdotungstic acid, silicomolybdotungstovanadic acid,
germanotungstic acid, borotungstic acid, boromolybdic
acid, boromolybdotungstic acid, boromolybdovanadic acid,

20 boromolybdotungstovanadic acid, cobaltmolbdic acid,
cobalttungstic acid, arsenomelybdic acid, arsenotung-
stic acid, titanomolybdic acid and ceromolybdic acid,
and metal salts thereof. A preferred heteropolyacid is

an oxyacid obtained by the condensation of an oxide of

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



PTMS het er opol yaci d conplex having a low nobility is conposed and the heat
resi stance of the PTMGis im proved. Wen the heteropolyacid content of a
PTMG is nore 25 than 900 ppb, not only does an occurrence of discolora 17
tion of the PTMG due to the heteropol yacid become sig- nificant, but also a
part of the heteropol yacid becones crystalline to thereby pronote the
depol yneri zation of the PTMG On the ot herlthand, when the heteropolyacid 5
content of a PTMGis |less than 10 ppb, al nobst no PTMG - heteropol yacid

conpl ex is formegdigbingt &fisMo} e ad@ter @ Macbstyhsidnsapeb! veft ioner ovi ng
the heat re- sistance. The contents of nol ybdenum tungsten and vanadi um
10 in the PTMG aekexleber seébectadi fitom By an@Psihss spectronme- try. The PTMG
of the present invention which has high heat resistance and | ow viscosity
may contain conpo- nefhs lndbheropdiyadiiVdoatehangfas PTG cispopanissedause 15
no adverse effects on the ultimate products, such as an elastic fiber.
Exanpl es of ot heincbeposent sthacteikel aretundhy @pdf upénmé heivdemad t erung-
frequently referred to as "THF") used as a raw material, a cyclic PTMG by-
produced @uring shenpahgneanadiwwnin divt iheterapdlyacid20rebaciorehyidr ocar bons
having 5 to 10 carbon atons and ac- tivated carbons, both of which are used
in the bel ow the weight of the PTMG. When the amount of heteropoly-

acid contained in the PTMG is 10 to %00 ppb, the heat

resistance of the PTMG is improved. It is preferred

that the heteropolyacid content is 30 to 800 ppb by

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

It is 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-

i5 le have high mobility, and such hydroxyl terminals are
considered to be likely to suffer heat decomposition.
Since a heteropolyacid is a polyvalent acid, a plural-
ity of acid groups in one heteropolyacid molecule in-
teract with the hydroxyl groups in a plurality of PTMG

20 molecules to form crosslinking sites. As a result, a
PTMG-heteropolyacid complex having a low mobility is
composed and the heat resistance of the PTMG is im-
proved.

When the heteropolyacid content of a PTMG is more

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



-mentioned operations for adjusting the heteropolyacid content of a PTMG
When for exanple, less than 1 % by weight of THF, 3 % by weight or |ess of
a cyclic PTMG 25 1 % by weight or |less of a saturated hydrocarbon havi ng
18 5 to 10 carbon atons and | ess than 100 ppm of an acti- vated carbon
(each %is based on the weight of the PTM5 are incorporated into the PTM5
of the present in- vention, substantially rd adverse influences are caused
5 on the properties of an ultimte elastic fiber. Espe- cially, when a PTMG

contains a cycligid Mz itharpa@ie tof theOfdtbPofo D batRin@Nigthe
viscosity of the PTM5 is advantageously | owered w thout causing a | owering

of the heat respsfir@et, it he diebaipagtab@uthhone Bé-d JHIRANAE MecoRekhe
heat resistance of a PTMGis achieved in the present inven- tion is stil

unknown. Howevercrystablimnsislamateby peomasefl 6hé odGpolymddie Rl oF t he
present invention, the nolecular weight distributionis 1.8 or |ess. By

vir 15 tue of thilse PIN®. 50% hhewestnbt bénd hewhdmghthwhetekrapolypeepht PTMG
nol ecul es can be stably dispersed in the PTM5 so that the heat resistance
of the PTHIG as acomberte o8 a irMivdc. lessadtahi b0, ppihe dletcartomal wawicd
contained in the PTMcis considered to cause strong in 20 teractions with
the term nal hydriaierepolyacic adrpleRTHME formbhéraby, stippr.edhet he notion of
the PTMS nol ecu- | es which notion is likely to be caused by the heat
hetercpolyacid is incapable of improving the heat re-
sistance.
The contents of molybdenum, tungsten and vanadium
10 in the PTMG are determined mainly by ICP-Mass spectrome-
try.
The PITMG of the present invention which has high
heat resistance and low viscosity may contain compo-
nents other than PTMG as long as the components cause
15 ne adverse effects on the ultimate products, such as an
elastic fiber. Examples of other components include
tetrahydrofuran (hereinafter, frequently referred to as
"THF") used as a raw material, a cyclic PTMG by-
produced during 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
weight of THF, 3 % by weight or less of a cyclic PTMG,

25 1 3 by weight or less of a saturated hydrocarbon having



added to the PTM5 so that the heat resistance of the PTMsis inproved. 25
19 1In another aspect, the present invention provides a preferred nethod
for producing the above-nentioned polyoxytetramnethylene glycol (PTMG
havi ng excellent properties with respect to both of high heat resistance

5 and |l ow viscosity. The nethod of the present invention conprises sub-
jecting tetrahydrofuran to a polynerizatiod8 eaction in a continuous

pol ymeri zation reactor with a stirrer in the presence of a heteropolyacid

catal yst, while 3 essl 1P dd¥bdretarahkdaaliuladst fhaker ¢ P $USn acti-
pol ymeri zation reactor, the polynerization reaction being continuously

perforned in thevpres o (Wi & Weepab8dt e ¥d Sfeidrt Rregpat in an
anount sufficient to forma tetra 15 hydrofuran organi ¢ phase and an

aqueous tetrahyd MG wmn/asicripesatelasftvhit e PTMPId S ahed pr@lsehitonnof the
het er opol yacid catal yst in a tetrahydrofuran/water m x- ture and whi ch has

a specific gravitgniiforf r cmitktZintdally3no28dwbtse imf Nigricvshgure Yabhswal ue at
0.5 to 20 hours where- in V represents the volune (nB) of the liquid in the
reactor ahd F r epr edentprdpes tiatse ofnBhholitimate f@bsking: fidterahyEsmd-uran to
the reactor so that the V/F val ue
cially, when a PTMG contains a cyclic PTMG in an amount
of 0.003 to 0.03 % by weight, the viscosity of the PTMG
is advantageously lowered without causing a lowering of
the heat resistance.
10 The details about how an improvement in the heat
resistance of a PTMG is achieved in the present inven-
tion is still unknown. However, it is considered to be
as follows. In the PTMG of the present invention, the
molecular weight distribution is 1.8 or less. By vir-
15 tue of this, 2 to 5 % by weight of the high molecular
weight PTMG molecules can be stably dispersed in the
PTMG, so that the heat resistance of the PTMG as a
whole is improved. In addition, the heteropolyacid
contained in the PIMG 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-
%es 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



represents a retention tine (hour or hours) of tetra 25 hydrofuran in the
reactor and while nmaintaining a PPV 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 value represents the notive power
(kWnB) applied to the liquid per unit 5 volume thereof, to thereby obtain
a polynerization reaction mxture conprisii¥g a reaction-forned

t et rahydrof uran organi c phase contai ning a pol yoxytetranet hyl ene gl ycol

having a nunber averggediiiRellafpete Obhe Obrds S dt 1209 o¥9aand a
reaction-fornmed aqueous tetrahydrofuran/catalyst phase, separating the

reaction-formed 4 effaiesred Wethdl £o3aRr6aRtase S M Ghdit8 oned
pol yoxyt et ranet hyl ene glycol fromthe polynerization reaction mxture, and

15 adj usting theﬁ;mﬁpmm&lﬂ@aiee@uy@mt (eTie) Ynawiod eixdcdigehy! ene
glycol to a level of 10 to 900 ppb by weight. The reaction systemused in

the nmethod of thergsert Sestwitly efdgpittCREPboSESoR HadH atealr alasianahdelF) or-
20 gani ¢ phase and an aqueous THF/ cat al yst phase which conprises a sol ution
of the heteropolgatitowatbdysiitisn a THF/ water mi xture and which has a
specific gravity of from1.8 to 2.3. A heteropolyacid is sparingly soluble
i n an anhydrous THF, The medldodadfulihe present xetveoiion comprises sub-
jecting tetrahydrofuran to a peolymerization reaction in
a continuous polymérization reactor with a stirrer in
the presence of a heteropolyacid catalyst, while feed-
10 ing tetrahydrofuran to the continuocus polymerization
reactor,
the polymerization reaction being continuously
performed in the presence of water, wherein the water
is present in an amount sufficient to form a tetra-
15 hydrofuran organic phase and an agueous tetrahydro-
furan/catalyst phase which comprises a solution of the
heteropolyacid catalyst in a tetrahydrofuran/water mix-
ture and which has a specific gravity of f£rom 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

Feactor and ¥ represents the rate (m3/hour) of feeding

tetrahydrofuran to the reactor so that the V/F value
represents a retention time {(hour or hours) of tetra-

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



25 vent prepared by adding a small anount of water to THF. 21 A

het er opol yaci d sol ution having a specific gravity of from1.8 to 2.3 can
be prepared by dissolving a hetero- polyacid in the m xed solvent in which
the amounts of water and THF contai ned therein has been adjusted so 5 that
the specific gravity of the resultant heteropoly- acid solution falls
within the above-nentioned range. Wen the® hus prepared heteropol yacid
solution is added to THF, the resultant reaction system separates into

two phases, namelyige T DI 9agk oPhRTR WRdrafinafusebseddntdiatmitise phase
(hereinafter, frequently referred to as "aqueous F/ cat al yst phase" or

sinply as "catal ysker pliwr " appiliva reaseR WAYusHChnath&acdd@bs weldem i s ob-
tained is not fully elucidated, but it is considered that a small anount

of water is coorgsnas eflefnddeatidrdaiccrtopel yaei d/vHesa ehabedmesaiit s
explanation is made on the repre- sentative exanple of a nmethod for

producing the PTiks ohotiVe H&wseNtkn MBGNabeNiechnNtgctrs al i qiildMpdrs upreduced
by a cationic poly- 20 nerization of THF in the presence of an acid
catal yst. 5 Howeveslumttthébeofonventi onal polynerization nmethod, it is
very difficult to produce a PTMG of the present invention which has
specific nol ecul &¢ Weeépdlby ddstaimbe pdlymepriepionesgachibon imixtauRTMS havi ng
a nol ecular 25 weight distribution of 1.8 or less and having a limted
comprising a reaction-formed tetrahydrofuran organic
phase containing a polyoxytetramethylene glycol having
a number average molecular weight of from 500 to 3,000
10 and a reaction-formed aqueous tetrahydrofuran/catalyst
phase,
separating the reaction-formed tetrahydrofuran or-
ganic phase containing the polyoxytetramethvlene glycol
from the polymerization reaction mixture, and
15 adjusting the hetercopolyacid content of the poly-
oxytetramethylene glycoel to a level of 10 to 900 ppb by
weight.
The reaction system used in the method of the pre-
sent invention comprises a tetrahydrofuran (THF) or-
20 ganic phase and an aqueocus THF/catalyst phase which
comprises a solution of the heteropolyacid catalyst in
a THF/water mixture and which has a specific gravity of
from 1.8 to 2.3. A heteropolyacid is sparingly soluble

in an anhydrous THF, but well soluble in a mixed sol-

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



22 content of 2 to 5 %by weight with respect to high no- |ecular weight
PTMG nol ecul es, wherein the high nolecu- |ar weight PTMG nol ecul es have

nol ecul ar weights which are at least six tines as |large as the nunber
average 5 nol ecul ar wei ght of all PTMG nol ecules. Specifically, the
reaction conditions need to be controlled precisely for producing such a
PTMG. Illustratively stated, in the nethod23f the pre- sent invention, use
is made of a continuous polyneriza- 10 tion reactor with a stirrer, wherein

THF can be fed goidvuiipdivddid Q%lh%%hoﬁa@{hg%t@%ﬁ&&%@%x@%caﬂ be

wi t hdrawn continuously fromthe reactor. The ove-" nmenti oned

het er opol yaci d isrdised st P WY ib@bir@?aré&@})’&issc?mﬂn@"% hetero-
pol ymeri zation reaction is continu 15 ously perfornmed in the presence of

water in an amouydiya#difd igi eife i ded Fodvahil O 0@ ¢h ARS @molifEspbase) and
an aqueous THF/ catal yst phase, while controlling the retention tinme (V/F)

of THF in the reacted whersr rcontaiepaesnatreingay abedre dan@sted sbe i quid
in the reactor 20 and F represents the rate (nB/hour) of feeding THF to

t he reactsr) andchvdi |tethe sl # i gyrialvd tRobf vehporesul YtV hetembopedyto t he
liquid per unit volune thereof {wherein P represents the notive power (kW
applied to the aciluisbiutidre fadet orithnd VYheepbesermenitimnedoramge25 (nB)
of the liquid in the reactor). In addition, as 23
When the thus prepared heteropolyacid sclution is added
to THF, the resultant reaction system separates into
two phases, namely & THF organic phase and an agueous
10 THF /fcatalyst phase (hereinafter, fregquently referred to
as Taqueous THF/catalyst phase” or simply as “catalyst
phase”). The reason why such a reaction system is ob-
tained is not fully elucidated, but it is considered
that a small amount of water is coordinated to the
15 heteropolyacid.

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

In general, PTMG is produced by a cationic poly-

20 merization of THF in the presence of an acid catalyst.
However, with the conventional polymerization method,
?t 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 weilght distribution of 1.8 or less and having a limited



menti oned above, during the continuous production of PTM5 the two phases
(the THE organi c phase and the aqueous THE/ catal yst phase), which are

i mportant for producing the PTMG of the present invention, can be ea 5
sily formed by neasuring and adjusting the specific gravity of the aqueous
THE/ cat al yst phase to 1.8 to 2.3 so as to control the anmount of water
coordinated to the heteropolyacid. The nolZ2cul ar wei ght distribution
properties of the obtained PTM5 can be controlled by 10 controlling the

speci fic gravit diftdlie gatalysts F%h%?'eweibﬂg_ GetRNEA MY R fYGh) met THE in
the reactor and the notive power (P/'V) applied to the liquid per unit

vol u- ne of the r&attnr wdilgrhauivg he1Betiedst hahetbBoxXafd1ed ghapangsg- Pat ent
15 Application Laid-Open Specification No. 63-30932 (cor- responding to

U S. Patent No. ¥abGfbigH:) rdesemdieculiBat hatBemalBeitamdfvaighes ¢RoEH nat ed
to a heteropolyacid catalyst influences the catalytic activity of the

cata- lyst, and drdwmatat Nesasst ik admesl aki parpet aeerhd hamdfdramRentgef water
coordinated to a heteropol yacid cata- |yst and the nunber average nol ecul ar
wei ght ofsa PTMao lsdtudiare dvedyghito lofmenilz PONG Tibleculde. pSpsentically he
het er opol yaci d catal yst. However, although this patent docunent descri bes
t hat the nol eculidre wesaghitioh standikidsst nendotot be odtaralidedPbEcisehar r ow,
it contains no de 24 scriptions about controlling the nol ecul ar wei ght
di s- for producing such a PTMG.
Illustratively stated, in the method of the pre-
sent invention, use is made of a continuous polymeriza-
10 tion reactor with a sfirrer, wherein THF can be fed
continuously to the reactor and the produced PTMG can
be withdrawn continuously from the reactor. The above-
mentioned heteropolyacid is used as a polymerization
catalyst, and the polymerization reaction is continu-
15 ously performed in the presence of water in an amount
sufficient to form a THF organic phase (THF phase) and
an aqueous THF/catalyst phase, while contrelling the
retention time (V/F) of THF in the reactor {wherein V
represents the volume (m3} of the liquid in the reactor
20 and F represents the rate (m3/hour) of feeding THF to
the reactor}) and while controlling the motive power
(P/V) applied to the liquid per unit volume thereof
{wherein P represents the motive power (kW) applied to

the liquid in the reactor and V represents the volume

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



tribution properties. During the course of the studies on the reaction
conditions for stably producing the PTM5 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 wei ght distribution properties of
a PTMG can be controlled precisely without changing the nunber average
mol ecul ar wei ght thereof by controlling 10%3he retention tinme of the
nmononer (THF) which reacts in the catalyst phase while feeding THF in a

constant anountmerigldidd/ @Hove, haurehymenef céheiaaao Ys-obidot icgabal yst
phase in the reactor, to the reactor. It is considered that the

substantial ti meIMG readnd ito ohaske {bhevlEFconsdmitd phaseorholhieng both
t he amount of and the specific gravity of the aqueous THF/ catal yst phase
in the reactor.addeecus &¥H Acatiatlyeecphese posshbile dre Caporttanlt Fbe

nol ecul ar wei ght distribution properties of the produced PTM5 while

mai nt ai ni ng t he ymgwheriray diwg®TC 0l ¢hal presenyghinwdnition ,PEMG at aa-
constant value. In the above-nentioned pol ynerization nethod, a part of
t he pol yn®ri zat inlyprivduwesd OHTMEpsugsingnphédadiius g tihe pplepdficzati on
reaction so as to determne the nolecular weight distribution properties
t hereof . 25 Basdirawiltheof dde eguebushBHBécatai sl imese Ho doBeta 253 | ar

wei ght distribution properties are controlled in the follow ng manner.
so as to control the amount of water coordinated to the

heteropolyacid. The molecular weight distribution
properties of the obtained 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 wvolu-
me of the reactor.

It should be noted that Unexamined Japanese Patent

15 Application Laid-Open Specification No. 63-30932 (cor-
responding to U.S. Patent No. 4,568,775) describes that
the amount of water coordinated to a heteropolyacid
catalyst influences the catalytic activity of the cata-
lyst, and that there is a correlation between the

20 amount of water coordinated to a heteropclvacid cata-
lyst and the number average molecular weight of a PTMG
?btained by polymerizing THF in the presence of the
_heteropolyacid catalyst. However, although this patent
document describes that the molecular weight distribu-

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



A reaction systemfor polynerizing THE using a heteropolyacid as a
catalyst is an emulsion in which a 5 reaction-forned THE organi ¢ phase
containing a polynmer and a reaction-fornmed agqueous THE/ cat al yst phase are
mut ual Iy di spersed in each other both in the formof globules. The

pol yneri zation reaction is considered to take place in the aqueous
THE/ cat al yst phase. In ac 10 cordance with 24e progress of the

pol ymeri zation reac- tion, the PTMG di ssolved in the aqueous THE/ cat al yst

phase is partiti PESNE ebddite RA4eeUI 1AFELEA AbYSbul PPasd ARd dilke THE
organi c phase, and the state of par- tition reaches an equilibrium under

speci fic reacti oprdbuesyli ptans-tanrg becones stationary. Therefore, in order
to obtain a PTMG having a specific average nunber nol ecul ar wei ght, the

retention tinme of rapurmigriml cbidesenofhehaqyeeased Hid catalneslctiphase is
controlled, so that the nolecular weight dis 20 tribution properties of the

t hus produced PTdfnéhnides £@ntgieidiedprVitBingspret PTG tde iHdMpresedyced in
the aqueous THE/ catal yst phase, the polynerization reaction proceeds as
an equilibrium reaeenbion bahiidihégsolay mpecifiat mobedelieeve Syictordisdered to
vary in accordance with 25 the retention tinme of THE (nonomer) in the
agueous 26 THE taitbhysen phrecymriSiasce theeppebgntr inven bersduacufound
THE/ cat al yst phase is partitioned to the THE organic phase, the nol ecul ar
wei ght di stri but toat ptlpareleslsir weight distribution properties of a
PTMG can be controlled precisely without changing the
number average molecular weight thereof by controlling
10 the retention time of the monomer (THF)} which reacts in
the catalyst phase while feeding THF in a constant
amount, relative to the volume of the aqueous THF/
catalyst phase in the reactor, to the reactor. It is
considered that the substantial time of reaction can be
i5 made constant by controlling both the amount of and the
specific gravity of the aqueous THF/catalyst phase 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 determination, the molecu-



the final PTMG reflect the nol ecular weight distribu 5 tion properties of
the PTM5G in the aqueous THE/ catal yst phase. For broadeni ng the nol ecul ar
wei ght distribution of a PTM5 the retention tine distribution of the
nono- mer (THF) in the aqueous THE/ catal yst phase needs to be 10 broadened,
whereas, for narrowi ng the nol ecul ar weight distribution of a PTM5 the
retention time distribution of the nononer2dn the aqueous THE/ cat al yst
phase needs to be narrowed. The retention tinme of the nonomer in the

aqueous THE/ cat aj¥st wilghe &8t PEWONM Yrlopdrihel dPeCXGNPESI14Y in
controlling the area of and the tine of contact between the aqueous

THE/ cat al yst phaggeapgdiléeind Ha®i&gani ¢ phase. The fol |l owi ng nethods (1)
and (2) are the preferred nethods for controlling the retention tine 20

distribution of the nRnss@ttisn tdhesicat FoyShopbaceiz{dy Tine dLtRptd on tine
di stribution of the nononmer in the aqueous THE/ catal yst phase 1s

control l ed by vaeyengpbheaced edd i Orcdtia®stVAE) anf eii®s I®NONRwHith Bhe
reactor. Specifically, V/F value is increased 25 for broadening the
nmol ecul ar 5wei ght rdastiobufonmedfTHY oxdamigobhaee, cantathend/ & pallwen s
decreased for narrowi ng the nolecul ar weight distribution of the polyner.
(2) Using a pol yardi zaresntieactarmed tdgusossi THEY catabyst phase are
mutually dispersed in each other both in the form of
globules. The polymerization reaction is considered to
take place in the agueous THF/catalyst phase. In ac-

10 cordance with the progress of the polymerization reac-
tion, the PTMG dissolved in the aqueous THF/catalyst
phase is partitioned between the agueous THF/catalyst
phase and the THF organic phase, and the state of par-
tition reaches an egqguilibrium under specific reaction

i5 conditions and becomes stationary.

Therefore, in order to obtain a PTMG having a
specific average number molecular weight, the retention
time of raw material THF in the agueous THF/catalyst
phase is 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 equilibrium reaction, but the polymeri-

zation degree is considered to vary in accordance with

25 the retention time of THF (monomer) in the aqueous



5 retention tinme distribution of the nononer in the aqueous THE/ catal yst
phase is controlled by varying the notive power (P/V) applied to the
liquid (per wunit volune thereof) in the reactor. Specifically, P/V value
i s decreased for broadening the nolecular 10 weight distribution of the
polyner, and the P/V wvalue is increased for narrow ng the nol ecul ar

wei ght distribution of the polyner. In the2&bove nethods (1) and (2), V
represents the volune (nB) of the liquid in the reactor, F represents 15

the rate (n8/hougr QfadLeAitnPnbde .t Osihise rHERC Y IymRRd 1R ERBr 8§8868s t he
notive power (kW applied to'the liquid in the reactor. The mechanismin

the control of ther MO phdRicOls ghstitbshe®@Ndftre HHYGIgameEhod (1)
above by 20 varying the V/IF value is explained below During the

continuous polyHd«a] i1k MRAGdQRar WBeghYadisttDbutfbd rofdrtyakugsof the
nononer |leads to a variation in the average retention tinme of the nononer

in the reactor. derridel vREAGelecenthembl 8Bulsr dmigity disteibatenti on
time distribution of the nmononmer in 25 the aqueous THE/ catal yst phase

becones bsoad. Quidepraidreridwand, thieeRTHEelavELagRUahENTHRY daitagyet t he
mononer is short, the retention tinme distribution of the nononmer in the
aqueous THE/ cat giheste phase becones 5 narrow. This nmeans that, when the V/F
value is in- For broadening the molecular weight distribution
of a PTMG, the retention time distribution of the mono-
mer (THF)} in the aqueous THF/catalyst phase needs to be
i0 broadened, whereas, for narrowing the molecular weight
distribution of a PTMG, the retention time distribution
cf the monomer in the agueous THF/catalyst phase needs
to be narrowed. The retention time of the monomer in
the aqueous THF/catalyst phase can be controlled, for
15 example, by controlling the area of and the time of
contact between the 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 is controlled by
varying the retention time (V/F) of the monomer in

the reactor. Specifically, V/F value is increased

25 for broadening the molecular weight distribution of



creased, the retention tinme distribution of the nononer in the aqueous
THE/ cat al yst phase becones | arge, and the nol ecul ar wei ght distribution of
t he produced PTMG becones broader. Contrary to the above, when the V/F 10
value is decreased, the retention tine distribution of the nmononer in the
aqueous THE/ cat al yst phase beconmes small, and the nol ecul ar wei ght

di stribution of the produced PTMG becomnes2darrower. | n accordance with the
above-nmenti oned nechanism 15 the nol ecul ar wei ght distribution of the

PTMG can be controldied gonyirizy,i R@at BRe W Jr W Liee ofs ke r@@eedefoused in
t he continuous reaction for producing the PTMG The nol ecul ar wei ght

di stribution of a PiMzrmanngpltse heleealad|deibins disvrbhedon2pfabnye, that
is, by 20 varying the P/V value. Wen the value of P/V applied to the
liquid in the react golwnetari ed, the average particle dianmeters of
gl obul es of the aqueous THE/ catal yst phase and THE or gani ¢ phase becone
varied. This vafihntisimg ra tguelymeariageipar teadeorivaing e stdfrrelme 2bhe
gl obules results in the variation in the area of con 29 tact between the
aqueous THE/ cat al ystregeass cand itree dIBEribubon cofhidse monemee] linathe he
variation in the frequen- cy of the coal escence and redivision of the
above- nentioned gl ceesmg [BiFYicstelyat phise finqanigipliledsbyevaryéndt o as
t he "coal escence-redi vision frequency of the globules”). It is conceivable
t hat these vari a- the motive power (P/V) applied to the liguid (per

unit volume thereof)} in the reactor. Specifically,

P/V value is decreased for broadening the molecular

10 weight distribution of the polymer, and the P/V
value is increased for narrowing the molecular
weight distribution of the polymer.
In the above methods (1) and {2}, V represents the

volume (m3) of the liguid in the reactor, ¥ represents
15 the rate (m3/hour) of feeding THF toc the reactor, and P
represents the motive power (kW) applied to the ligquid
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 is explained below.
During the continuous polymerization reaction, the
Yariation 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



tions cause the variations in the anounts of substances which are noving
fromone of the two phases to the oth- er phase. It is apparent that the
retention time dis 10 tribution of the nonomer in the aqueous THE/ cat al yst
phase can be controlled by varying the value of P/V ap- plied to the liquid
in the reactor and, therefore, it 1is also possible to control the

nmol ecul ar wei ght dis- tribution of a PTMG B¢ varying the P/V value. 15
Specifically, when the P/V value is increased, the average particle

di aneters of theyd cézjﬂe%%sofm%a%gugstogﬁaJ@EA@@ér@éy%rd@aaseo@n@hé he

gl obul es of the THE or- ganic phase becone small, thereby increasing both

the area of conju@r heinEerHee tha0aPBesgs Adted H1oif Q3RS 020 the
cence-redivision frequency of the globules. As a con- sequence, the anounts

of substances whigHbniize PWHEt,beheeestehei6at el tafasdudndnt B organic
phase becone increased, and this increase causes the retention tinme of

t he nononer nol extid esorighdmhenc ahal waltiephaSTHF podea Bbs € Prasenibkebmesand t he
retention time distribution of the 30 nononmer in the catal yst phase to
beconme nasrow. Ammrow.eslhiis meBPAdhal nhen rdve Wmwhaadl as wei ght di s-
tribution is produced. Contrary to the above, the de- crease in the P/V
val ue causes botdrdadeedy dheofredemntion 5ibet dbetriietiow ghadesmandmehe
coal escence-redivision frequency of the gl obules to becone decreased, and
the retention timehd stgudoms GHFgcathéyabnphase i becdmescdiearge, and
the molecular weight distribution of the produced PTMG
becomes broader. Contrary to the above, when the V/F
10 value is decreased, the retention time distribution of
the monomer in the agueous THF/catalyst phase becomes
small, and the molecular weight distribution of the
produced PTMG becomes narrower.
In accordance with the above-mentioned mechanism,
15 the molecular weight distribution of the PTMG can be
controlled by varying the V/F value of the monomer used
in the continuous reaction for producing the PTMG.
The molecular weight distribution of a PTMG can
alsc be controlled as in method (2) above, that is, by
20 varying the P/V value. When the value of P/V applied
to the liguid in the reactor is varied, the average
particle diameters of globules of the agueocus
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-



| yst phase to becone broad. As a result, a PTMG having a broad nol ecul ar
wei ght distribution is produced. 10 In accordance with the above-nenti oned
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 nol ecul ar wei ght

di stribution of a PTMG w thout varying the nunber average nol ecul ar wei ght
15 thereof. Specifically, in order to produ® a PTMG having a broader

nol ecul ar wei ght distribution and having a higher content of the high

nol ecul ar wei ght tEEVChbBeweb8CHhE SaqiErifs MHrgealan ywei ghase aded alhd amst si X
times 20 as | arge as the nunber average nol ecul ar weight, the 1/(P/V)

value (i.e., a reeganocaphaset hes il apaner veappkiod 19 tihe fiaptieth-per
unit volune of the reactor) and the V/F value (i.e., the retention tinme of

the nononer) areyi 0f€r ensedosiosdédmrecinl rediviggeassrvehy . aRdrdn t he ot her
hand, in order to produce a PTMG having a 31 narrower nol ecul ar wei ght
di stribution andmbatinged g3ohules {Cmdednibediowt, hehtisghiregbesey ars wei ght
PTMG nmol e- cules, the 1/ (P/V) value and V/F val ue are decreased
si mul t anedusl y orefarredstuely. the Biecamliasgenive -akdieinton i tneghaerstyheds (1)
and (2) for controlling the nol ecular weight distribution prop- erties of
the PTMG, it becthesgpobuibke)t o ¢t disl gopreivdote that FEMSeofvarie-present
i nvention which has the
tions cause the variations in the amounts of substances
which are moving from one of the two phases to the oth-
er phase. It is apparent that the retention time dis-

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

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

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

of the monomer molecules in the catalyst phase to be-

25 come uniform and the retention time distribution of the



specific nol ecul ar wei ght distribution properties. 10 Hereinbel ow, the
preferred nethod for polynerizing THE is explained in detail. First,
operation conditions for producing a PTMc having a specific nunber average
nol ecul ar wei ght are determ ned by conducting a test operation. Specifi 15
cally, a PTMG is produced by subjecting THE to a ring- opening

pol ymeri zation reaction in a continuous pol3f nerization reactor wth
stirrer in the presence of a heteropolyacid catalyst, wherein the

ri ng-openi ng pohynBhiés ain Othd afid18st phaest toubesShye pedf@wwiedasna20 t he
presence of water, so that the water is present in an amount sufficient to
formthe foll ow ngstiino, phaBme: havide ar eackrow: maldéll ar ganightplidse and an
aqueous THE/ catal yst phase conprising a solution of the hetero- polyacid
catal yst in a THErRattiom k¢ uproduwtdhavContea?p Spadid iaboygeavichg 6&-from
1.8 to 2.3. 32 The test operation conprises the followng steps (a) to
"(d) : (a): a stepeasepimpthe Ry halfvel kcawsag bubhctie Brad of comteet under
the reaction conditions for producing a 5 PTMG havi ng a desired nunber

aver age nbl ecul abeteeght the atwalpliases endcitheecohbeseenedragdivetsionshi p
between the notive power (P/V) applied to the liquid per unit volunme of
the reactor and fhegwnereywwhrtheigirbudies- tor bbgcrendeergrged eanst thge PTMG

and a calibration
retention time distribution of the monomer in the cata-

lyst phase to become broad. As a result, a PTMG having
a broad molecular weight distribution is produced.

10 In accordance with the above-mentioned mechanism,
using a reactor with a stirrer, the value of P/V ap-
plied to the ligquid in the reactor can be varied to
control the molecular weight distribution of a PTMG
without varying the number average molecular weight

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 welights are at least six times

20 as large as the number average molecular weight, the
1/{P/V} value (i.e., a reciprocal of the motive power
Fpplied to the liquid per unit volume of the reactor)
and the V/F value (i.e., the retention time of the
monomer) are increased simultaneocusly or successively.

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



10 curve showing the rel ationship between the retention tinme (V/F) of THE
and the nol ecul ar weight distribution properties of the PTM5 (b): a step
conpri sing sub-steps of sanpling a portion of the reaction m xture being
produced in the polyneri- 15 zation reactor, determ ning the nunber average
nol ecu | ar wei ght of the produced PTMG contained in the sam pled reaction
m xture, and nodi fying the reaction con- difions when the nunber average
nol ecul ar wei ght of the produced PTMGis different fromthe desired val ue

so as 20 to progifa-cidi MaoiRAU1RG Fcdght M @0s AT AY @I Ba¥ngl gcul ar
wei ght; (c): a step of determ ning thé nolecular weight dis- tribution

properties of thgnaarieduermtEENGotheRet hegP TMa cdinmd RR ides pesicnysbe!

average nol ecul ar weight; and 25 (d): a step of finally adjusting the

reaction condi Fhldd,orheMgM /iy FRAsUARd W Ghi1ul el ReireRsgaoperties
of the PTMG determined in step (c) above are different fromthe desired

val ues, which cemuisemaeANI8CloMmgutBesstddiPrati on curves obtained in step
(a) based on the 5 nol ecul ar weight distribution properties determ ned

above ands adj usti ng tHye ustinigv & hpowBové Rhdht pottkd ededihrodisl qn )t eng (M F) in
accordance with the corrected cali- bration curves, so as to enable a PTMG
havi ng desired foxd epsudtarchidinghtthei siblebulavwalgiperdisdsibatbenppoopced. 10
In general, a highly pure THF (contai ning inpuri-

erties of the PTMG, it becomes possible to stably pro-

duce the PTMG of the present invention which has the

specific molecular weight distribution properties.

10 Hereinbelow, the preferred method for polymerizing

THF is explained in detail.

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

i5 cally, a PTMG is produced by subjecting THF to a ring-
opening polymerization reaction in a continuous poly-
merization reactor with stirrer in the presence of a
heteropolyacid catalyst, wherein the ring-opening
polymerization reaction is continucusly performed in

20 the presence of water, so that the water is present in
an amount sufficient to form the following two phases
%n the reactor: a THF organic phase and an agueous
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.



ties in an anmobunt of |ess than 500 ppm by weight) is used as a raw
material for preparing the calibration curves in step (a). Woereas, in
step (b), THF is recy- cled to the reaction systemduring the stable
operation 15 of the reactor and the recycled THF is used as a raw
material. Since the recycled THF contains sone inpuri- ties, there is a
slight difference in sone reaction conditid3ns (such as reaction rate)
bet ween the reaction wusing pure THF and the reaction using recycled THF.

20 That is, it is diffiguldeq q,&safgggbgycam?}gységet 'f&fl%mwgogta Eves

prepared with respect to PTMG In a short operation tine to a
production of a %ﬂ f. stationary, stable operation of the reactor be-
cause the conp05|t|on of the recycled THF varies to 25 some extent,

dependi ng on the(@})er%t's@épc%&d'p&*eg%iﬁé Ble fdﬁdﬂ%@t o §h§@b£§’h¢§
necessary for overcomng this problem The calibration curves prepared in

step (a) can becgpFé£cindebases udthion’ esdblsi60é atdebidailigly a(Cc) to
t hereby obtain the calibration curves for the 5 conmercial scale PTMG

productiop. | n sPEG (SBvihdea rdesatdd aumbenrdatepage fdlguuidiciwedgRIMG are
determned in accordance with the corrected calibration curves.

Her ei nbel ow, a far¢akibeapl cmadumore ishowdag whehrelaspaodhip Hetwveen
above-nentioned steps (a) to (d). 10 Step (a): The relationships anong the
nol ecul ar  wei ghthelisdtibatporenf (B WRTHBpidednyo atlpe etisfwerdripeed unit
volume of the reactor and the molecular weight dis-
tribution properties of the PTMG, and a calibration
10 curve showing the relationship betweén the retention
time {(V/F) of THF and the molecular weight distribution
properties of the PTMG;
{(b): a step comprising sub-steps of sampling a portion
of the reaction mixture being producéd in the polymeri-
15 zation reactor, determining the number average molecu-
lar weight of the produced PTMG contained in the sam-
pled reaction mixture, and modifving the reaction con-
ditions when the number average molecular weight of the
produced PTMG is different from the desired value so as
20 to produce a PTMG having a desired number average mo-
lecular weight;
jc): 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-



nunber average nol ecul ar weight, the P/V value and the V/F value are
obtained in the formof enpirical formu- |lae. The tol erance in the nunber
average nol ecul ar 15 weight (i.e., the difference between the desired
nunber average nol ecul ar wei ght and the actual nunber average nol ecul ar
wei ght of the produced PTM5 varies depending on the use of the PTMG For
exanpl e, when the PTMGis used as a raw net®rial for an elastic fiber, it
is 20 preferred that the tolerance in the nunber average no- |ecul ar wei ght

is 100, nore advesisigeosts| yhe SfblediRt WeagRTVELESr USEELGS ProffeditliieRy
material for a re- action, it is nore preferred that the tolerance in the

nunber average nmf echt PTNEI QdteintinsdD in2BtEQr (8Xa8Ppbee ey fREHdathavi ng
a nunber average 35 nol ecular weight of 1800 is produced in the presence

of a heteropol yEwoom Ese adestedd Stalues whliahi ebmprpSes ecofRratinge the
represented by the following formulae (2) and (3) can be experinentally
obt ai ned: 5 Mv MeEilKfaEFm ¢@)vesarnbtailvelhin KtéP/ VAR {dded wherttien K, a,
K' and f3 are constants which can be experinentally determ ned. Step (b):
Under confiti onstefeeerineve bghiasiistri®udboai prapfiidade tgndnddsi r ed
number average nol ecul ar weight, a polynerization reaction of THE is
performed in thPyFestrd adiusking thehowdiivet hewent EP/VE audsmien-
tion time (V/F) in accordance with the corrected cali-
bration curves, so as to enable a PTMG having desired
molecular weight distribution properties to be produced.
10 In general, a highly pure THF (containing impuri-
ties in an amount of less than 500 ppm by weight) is
used as a raw material for preparing the calibration
curves in step (a). Whereas, in step (b), THF is recy-
cled to the reaction system during the stable operation
i5 '~ 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 tc PTMG produced
within a short operation time to a production of a PTMG
by a stationary, stable operation of the reactor be-

cause the composition of the recycled THF varies to

25 some extent, depending on the operation conditions of



in an anount sufficient to forma THE organi c phase and an aqueous
THE/ cat al yst phase which has a specific 15 gravity of from1l.8 to 2.3,
while nmaintaining the specific gravity of the aqueous THE/ catal yst phase.
Subsequently, the nunber average nol ecul ar wei ght of the produced PTM5is
determ ned. Wien the determ ned value of nunber average nol ecul ar wei ght
of the pro 20 duced PTMG is different fromihe desired val ue, the

pol ynmeri zation reaction conditions (such as the anount of water

coordi nated to ttiee hed@eomol yvatiegd, (theisenscessay tfypevereoaingdthhe |ike)
are regul ated by conven- tional nethods so as to obtain a PTMG having a
desired 36 nunberoblenag&helcaddibaatiengbtrves gurdmagrediia sbepcldpr wei ght
distribution prop- erties of the PTMG having the desired nunber average

nol ecul ar wei ghtcam ebelet@rmeaizzt] has@@Conb t8eepefd) ts Wisrairesd dml etepar

wei ght distribution properties of the PTM5G whi ch have been determned in
step (c) above ate)dtéfeheraby raraiie thesiceddbyatbies, curvas For ‘theue and
the V/F value are regulated in accor- dance with the calibration curves
(fornul aep obt ai peEmacial sseplg HTMDbPredystisnt o ormted (le HHecket ar

wei ght distribution properties of the PTMc |f desired, steps (b) to (d)
are repeated unt@¢thon paupsiihbiongy f5st pProgacdasi PEYG nans cte taray &8l ecul ar

wei ght and the desired nol ecul ar wei ght distribution
accordance with the corrected calibration curves.

Hereinbelow, a further explanation is made with
respect to the above-mentioned steps {(a) to (4).

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

15 welght (i.e., the difference between the desired number
average molecular welght and the actual number average
molecular weight 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 =z 50.
yhen the PTMG is used as a starting material for a re-
action, it is more preferred that the tolerance in the
number average molecular welight is = 30.

25 For example, when a PTMG having a number average



15 properties is obtained. In order to control the nol ecul ar wei ght
distribu- tion properties of a PTM5c so that the content of the high

nol ecul ar wei ght PTMG nol ecul es becones 2 to 5 % by weight, the retention
time (VF) of THE nust be in 20 the range of fromO0.5 to 20 hours,
preferably from2 to 15 hours. In the production of a PTMG having a
desired nunber average nol ecul ar wei ght, wRen the V/FE value is small, the
conversion and efficiency of the reaction becone |owered. On the other
hand, when the Wdemlza Ieightl afges00hes rgaedias tirrahee prasentongt
Therefore, 37 it is preferred that the VVF value is selected wwthin the
above- nenti oned a dgerdpoligrddd ke prodtakyshe BiMFaifattioashigsene-~i nven-
tion, that is, a PTM5 having a nol ecul ar weight dis 5 tribution of 1.8 or

| ess and a cont expteadfivieiigh mapresentkdr byetight £IMeig doaimedaef (Bdom 2 to 5
% by weight, the followng three factors should be considered for

det erm ni ng t he gsl \rdgr iceat iben expedinmenhslly hebspbodd: fic gravity of the
aqueous THE/ cat al yst phase, the V/F 10 value and the notive power (P/V) of

the reactor. For this reas&ggmgf tﬁggﬁéidCU|t to unlvocgéLy d%{ernlne t he

specific nunerical value ra ive power , when the
VI F value and the volune of the aqueous THE/ catal yst phase are fixed, the

hi gher the 15 specific gravh&yMgf=t£e(@ﬂygnus THE/cataIyég)phase, t he
wherein K, o, K' and B are constants which
can be experimentally determined.
Ste b): Under conditions determined so as to

10 obtain a PTMG having a desired number average molecular
weight, a polymerization reaction of THF is performed
in the presence of water, wherein the water is present
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
specific gravity of the aqueous THF/catalyst phase.
Subsequently, the number average molecular weight of
the produced PTMG is determined. When the determined
value of number average molecular weight of the pro-

20 duced PTMG 1s different from the desired value, the
polymerization reaction conditions {(such as the amount
of water coordinated to the heteropolyacid, the reac-
tion temperature and the like)} are regulated by conven-

ticonal methods so as to obtain a PTMG having a desired



hi gher the nunber average nol ecul ar wei ght of produced PTMa When the
specific gravity and volune of the aqueous THE/ catal yst phase are fi
VI F, the higher the nunber average nol ecul ar wei ght of 20
t he produced PTMa In the present invention, when the specific gravi

t he | onger the

t he agueous THE/ cat al yst phase is

VIF value is

1.3 kWnB or nore. In view of the fluctua 25 tion of the operation

condi tions duri nousideer prnadiicid awllddular w#BegidMG if the P/V value is
maintained at 1.6 kWnB8 or nore, it is possible to stably produce the

PTMG of the present

xed,

ty of

in the range of from1l.8 to 2.3 and the
fromO0.5 to 20 hours, the P/ ¥bval ue should be mmin- tai

ned at

IShegnt(icdn hake ngo reawilaac wedghwe igbtridusion bpitapn of

1.8 or less and a content of high no 5 | ecul ar wei ght PTMG nol ecul es of 2
to 5 % by wei ghtertidsy eifhldeoRTVEn haxphgnibe ode s srevhdambieirh avespget

continuous polynerization reactor with a stirrer, which is used for
produci ng t he PPMEeduliare yeigddniarendetennined WP GHB pol yneri zati on

react or may be
the reactdor.
with a baffle.

or may not be equipped with a baffle on the inner wal

Wth respect to the liquid contents in the polym 15

to the

| of

It is Elefe(ddd t Waenttee pulieewliarawedghtedisbribetiayui pped

eri zation react TR gD afaltie PENEr which haye osan deteymigedt hiof t he
liquid contents in the polynerization

10

15

20

25

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

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

In order to control the molecular weight distribu-
tion properties of a PTMG so that the content of the
high molecular weight PTMG molecules becomes 2 to 5 %
by weight, the retention time (V/F) of THF must be in
the range of from 0.5 to 20 hours, preferably from 2 to
15 hours. 1In the production of a PTMG having a desired
number average molecular weight, when the V/F value is
small, the conversion and efficiency of the reaction

become lowered. On the other hand, when the V/F value

is large, the reaction time becomes long. Therefore,



reactor and D represents the dianmeter of the polyneri- zation reactor) is
from0.5 to 10, preferably froml1l to 3. 20 There is no particular
limtation with respect to the norphology of the inpeller. For exanple,
the im peller is selected froman anchor inpeller, a turbine, a
propel l er, a plane blade puddle, a curved blade pud- dle, a Pfaudler type
impeller, and a Bulmarzin type im25 pelleB? preferably froman anchor
impeller, a turbine, 39 a propeller and puddles. The inpellers may have an

an- gled blade art & DighredrBliadaat Thge W ot Ry Dfud N& HaadRTeagweahiy varies
dependi ng on the type (norphology) of the inpeller, and is not

particul arly |irdednotRenanryoben ebngde bl ades attached to the shaft of
the im peller is generally from1 to 10, usually from1 to 3. However, an

i npel | er havi ng nor e ftrhardeentbl pdegusadeiad PP I ahehavieBgneniyveme bl ade
can be used without causing any problem 10 Wth respect to the size of

the inpeller, ittich, anefterisgdat pamct hevied ue mb 12duttear eigightr @psesents the
di aneter of the blade of the inpeller, which is twice as long as the
| ength ofsthe bliadbwfidrihefi el ber leagdand « eqoreissrit of he gt askeeun~ of the
pol ynmeri zation reac 15 tor) is fromO0.1 to 0.95, preferably fromO0.3 to
0.8. The pref erkad welgdd FrMGCheolecollesi off Bpaed dfo tthé byt wedghtgreat!|y
vari es depending on the structure of
the following three factors should be considered for
determining the polymerization conditions: the speci-
fic gravity of the agueous THF/catalyst phase, the V/F
10 value and the motive power {(P/V) of the reactor. For
this reason, it is difficult to univocally determine
the specific numerical value range of the motive power.
In general, when the V/F value and the volume of the
agueous THF/catalyst phase are fixed, the higher the
15 specific gravity of the agueous THF/catalysi phase, the
higher the number average molecular weight of produced
PTMG. When the specific gravity and volume of the
agqueous THF/catalyst phase are fixed, the longer the
V/F, the higher the number average molecular weight of
20 the produced PTMG. In the present invention, when the
specific gravity of the agquecus THF/catalyst phase is
in the range of from 1.8 to 2.3 and the V/F value is
from 0.5 to 20 hours, the P/V value should be main-

tained at 1.3 kW/m3 or more. In view of the fluctua-

25 tion of the operation conditions during the production



the inpeller. Therefore, the revolution speed of the stirrer is controlled
in accordance with the structures 20 of the reactor and inpeller so as to
give a notive power (P) within the desired range. Basically, it is
preferred that the inpeller has a structure such that a |arge notive power
is obtained by a slow revolution speed. 25 Hereinbelow, brief explanation
is made with re 40 spect to the influence38f the notive power (P) on the
nunber average nol ecul ar wei ght (M) of a PTM5 and the nethod for

estimating the nRORiHIGEMY, e ARl bY¢ vROVET: JISRA dtd 18Rl 2@ 186t docunent,
based on this in 5 fluence ‘and effects thereof The notive power (P) not
r

only deternlnesﬁé- melght g%j 1t“ﬁ E? ?%é:gﬁﬂéﬂﬁ%l rM%hc@n@ Lhe content

of high nol ecu ose nol ecular weig ts are at

| east six times mad FFOLMRS ﬁr@%eﬁ%”@ﬁ{*eﬂﬁ’l&y%{aﬁgﬁlg@ @mle@:mw gbigef all
PTMG nol ecul es), but also influences the degree of polynerization (in

other words, t e dusiatidveode .8obectéss avd dhitcoiften tPO¥ChighBapeci al Iy
when the notive power is lower than 1.1 kWnB, the influence of the notive

power on 4 he numiulskd virage el fAcleatlaeight2 ito exty erekgibatge. Unti |
now, many patent docunents disclosed the production of a PTMG from THE and
wat er in the presencélerefinhelleter apobyptath iciadraliss maddowsdter reapaet of t hese
to the continuocus polymerization reactor with a stirrer,
which is used for producing the PTMG of the present in-
vention.
10 The polymerization reactor may be or may not be
equipped with a bhaffle on the inner wall of the reactor.
it is preferred that the polymerization reactor 1is
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 liquid contents in the polyvmerization
reactor and D represents the diameter of the polymeri-
zation reactor) is from 0.5 to 10, preferably from 1 to
3.
20 There is no particular limitation with respect to
the morphology of the impeller. For example, the im-
peller is selected from an anchor impeller, a turbine,
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,



pat ent docunments describe the notive power used for 20 producing the PTMa
The fact that the variation in the notive power applied to the liquid in
the reactor causes the variation in the nunber average nol ecul ar wei ght
of a PTMG has been found for the first tine by the present inventors. 25
The present inventors have chosen the above 41 nentioned Exam ned Japanese
Pat ent Application Publica- tion No. 63-30882 as a typical exanple of the
prior art docunment in this technical field, and conducted a re- working of

Exanpl e 1 of this gidpd1Rid HRC WAk ewhi o 14523 130" ABP"AADE Vil gn 201 d

(the nunber of water coor- dinated thereto = 6.0) as a catal yst.

Specifically, qmédﬂﬁﬁﬁﬁﬂ dxn%ﬁ@HQbﬁeaoﬁﬂéﬁéfﬂjﬂH@ew&@ﬂﬁrBfnﬁh@fbfaaéﬁ' ple 1
whi l e varyi ng on the notive power. As a result, the relationship anong

the notive pomrgrééiﬁlgﬂuf&l&resﬁ\deb@nﬁﬁ.ﬁgeom}%Uiﬁfe Veidhindllogy )PEFG and t he
content of high nol ecul ar wei ght PTMS nol ecul es has becone clear. The

resul ts are showhd nmnadllier], keloows fabl paittidbiarey powartekWmBe 0.004 0.4
2.6 17.9 WM 950 1050 1100 1150 Content of high nolecular weight 5.6 5.4
4.9 4.5 PTMG nolwexhdresof the blades attached to the shaft of the im-
peller is generally from 1 to 10, usually from 1 to 3.
However, an impeller having more than ten blades and an
impellier having only one blade can be used without
causing any problem.

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

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

The preferred range of the revolution speed of the
stirrer greatly 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
?referred that the impeller has a structure such that a
large motive power is obtained by a slow revolution

speed.

25 Hereinbelow, brief explanation is made with re-



(% by weight) 15 Table 1 above clearly shows that the increase in the
notive power causes an increase in the nunber aver- age nol ecul ar wei ght of
a PTMG It should be noted that Exanple 1 of Exam ned Japanese Patent
Application 42 Publication No. 63-30932 describes that the PTMG having a
nunber average nol ecul ar wei ght of 1000 was obtained by a polynerization
reaction conducted in a batchwise nanner. 44 n a batchw se pol ynerization
reaction, water 5 contained in a reaction systemis consuned in accor-

dance with the pEgeEesso Ofhd NenMNAHBR bzath8Nmbeeed | fdwer A tdhe tapeci fic
gravity of the aqueous THF/ catal yst phase is gradually increased.) From

Table 1 above, idumibér efsdtageSidIBadrt haighbe(mP] iye Powesc,applai ed in 10
Exanple 1 is smaller than 0.4 kWnB. Further, the es- timated content of

hi gh nol ecul ar wethehhe 4> fort ctigfmting HTheemhfaDt il O hevicghve The
results of the above-nentioned reworking show that the notive power

enpl oyed in the somenisehaln 1 pmicahwrsedpolyert | Zisddsa dreatiiisoinef THF
was approxi- mately 0.4 kWn8, and that, therefore, the notive power
required bn the Pleswerd amlesnffexty ithergef.3 KWnB or nore) is a peculiar
value in this technical field. There is no particular limtation with
respect to 20 the arihwntmafivehedwered@pohghconly sdatemimes phesant
i nvention for polynerizing THF. However, when the
lecular weight distribution {(Mw/Mn) and the content of
high molecular weight PTMG molecules {whose molecular
weights are at least six times as large as the number
10 average molecular weight of all PTMG molecules), but
also influences the degree of polymerization {(in other
words, the number average molecular weight of a PTMG).
Especially when the motive power is lower than 1.1
xW/m3, the influence of the motive power on the number
15 average molecular weight is extremely large.

Until now, many patent documents disclosed the
production of a PTMG from THF and water in the presence
of a heteropolyacid catalyst. However, none of these
patent documents describe the motive power used for

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

the present inventors.

25 The present inventors have chosen the above-



anount of the heteropolyacid in the reaction systemis too small, the

pol ynmeri zation rate is |lowered. There- fore, it is preferred that the

wei ght ratio of the het 25 eropolyacid to the nononer (THF) is fromO0.05 to
10, 43 advantageously from1l to 3. It is preferred that the ratio of the
vol une of the aqueous THF/ catal yst phase to the volune of the liquid in
the reactor is from0.19 to 0.81. Further,4ln order to produce a PTMG
having a 5 desired, predeternined val ue of nunber average nDIecu- | ar

ight, th f
ﬁg:%talnedemffﬁﬁﬁéééha range 0 eﬁh%n?%Hgggopaqgg%Téééﬁ = %@ ?géctor
I's consumed durifg, e GONIJYERLSPY ¥§§Bb5i‘t éQ&né}fé"cc}f %‘% %t g+10

nmust be fed into the reaction systemto tarn t ecif e graV|ty of

the aqueous. THF/astahotet Aashs Weldihokhesaape: SR SRR RN GE rohen the

pol ymeri zation tenperature is too depol yneri zation of a polyner IS

likely to occur,yddkiers&bEdomard ﬂgthQh@9|ﬁf@étzé%&(Hbdﬁﬁﬂﬁ%ewﬂﬁchhe pol y-
mer. Therefore, in the present invention, the polym erization tenperature

is maintagned atudkd G Jgﬁibs@nonml@fb@&@bhmao(tﬁem& o &ty @Bbik-zat i on
reaction proceeds by the mxing 20 of the monomer (THF) with the

het eropol yaci d. dhedtdd, thexeisolvenn)i asnaceasaryst or splesFpehyIp|i zation
reac- tion. However, if desired, the reaction system nay
the present inventors conducted the reworking of Exam-
ple 1 while varying only the motive power. As a result,
the relationship among the motive power, the number av-
10 erage molecular weight of a PTMG and the content of

high molecular weight PTMG molecules has become clear.

The results are shown in Table 1 below.

Table 1
Motive power
(kW/m3) 0.004 0.4 2.6 i7.9
Mn 950 1050 1100 1150
Content of high
molecular weight
PTMG molecules 5.6 5.4 4.9 4.3
{% by weight)
15 ‘Table 1 above clearly shows that the increase in

the motive power causes an increase in the number aver-
age molecular weight of a PTMG. It should be noted

that Example 1 of Examined Japanese Patent Application



contain an inert solvent. For exanple, a saturated hy- drocarbon having 5
to 10 carbon atons (which is used in 25 the bel ownenti oned operation for
adjusting the hetero 44 polyacid content of the pol yoxytetranethyl ene
glycol) can be contained in the raw material liquid in an anount of 1 %
by weight or less, preferably 0.3 %by weight or less. 5 The desired PTMG
of the present invention can be obtained kg obtaining a reaction mxture
of a ring- opening polynerization reaction of THE and adjusting the

het l'yacid cont £t i j i t b

by el ohi The ROTaraRoTyEc 18 2aR0 Sa Sader ke, Antin'the) SmlS hErH P
thods, such Lsgl j | -

ol i 0aton' Lai d- GpEnmgazo A et aspo AoTEet et MERILE %, 19891888 BBk EMa T se20

(eaCh correspon e%].gRﬁ- te'riFZ)%.ltthh. ﬁgQCtIﬂ'OI@?gO d’ﬁed"‘i‘f{e\éeﬁatbﬁwi§e

preferred that t ropol yacid content 1s adjusted by a nmethod which

conprises the foldHmMMNg SRS phitbnh®sb Vhoiyhdn1 AARYMALLBE LB, water
pol ymeri zation reaction mx- ture into a reaction-formed aqueous

THF/ cat al yst phagstAifeE iIeCHeaBtioh NBEs TdiE Of Gisumdilaga eepbal ning a 20
PTM5 and obtaining the THE organic phase containing PTM5 (ii) distilling

off a portion ofgalide ivwithamebprogiresd dFEps gedliEngiaseiohorkhet eby, obt ai n
a PTMG con-

and the specific gravity of the agueous THF/catalyst
phase is gradually increased.) From Table 1 above, it
is easily estimated that the motive power applied in

10 Example 1 is smaller than 0.4 kW/m3. Further, the es-
timated content of high molecular weight PTMG molecules
is more than 5.4 % by welght.

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
reguired 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
§mount of the heteropolyvacid in the reaction system is
too small, the polymerization rate is lowered. There-
fore, it is preferred that the weight ratio of the het-

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



centrate; 25 (iii) adding at |east one saturated hydrocarbon 45 having 5
to 10 carbon atons (C5-Cl0 saturated hydrocar- bon) to the PTMG concentrate
so that a catal yst phase (containing a portion of the heteropol yacid

di ssolved in the PTMG concentrate) and an organi ¢ phase (conposed 5 nmainly
of the above-nentioned saturated hydrocarbon and PTM3 are forned, and
subsequent|ly renoving the cata- |yst phase#3(iv) after renoval of the

catal yst phase, sub- jecting the organic phase to a treatnment with an acti -

10 vated carbon Sf,dhaigddudRetrebarel ¥gcsd ditssel F)Q@féﬂrbbetﬂéﬂaﬁﬂﬁ phase
I s adsorbed on the activated carbon and renoved tromthe organic phase;

(v) distilling offtildios e Rﬂd]ﬂmbnotheh@r&?zﬁé@us phasR:a3@ 1lylsat ppasat ur at ed
hydr ocar bon phase and a PTMG 15 phase are forned, and subsequently

renoving the satgp 1 e @Fanbeniphase; ianthd iidactfdrerisr €momab.dd t he
sat urated- hydrocarbon phase, distilling off the | ow boiling point

substances contis nedBin Fhetherpi i ngrdEEMEphaseucedar Pr#dubadi®g a
pressure, so as to obtain a PTMG in which the hetero- polyacid content is
adjusted $0 10 tdefedphpindatergihed veleenbf|mupbdiheaveape medeconed
steps (i) to (vi) for adjusting the heteropolyacid content of a PTMG are
expl ai ned i n norkeadetsnsight, the specific gravity of the aqueous

THF /catalyst phase is maintained within the range of

from 1.8 to 2.3. The water in the reactor is consumed

during the continuous polymerization reaction, so water

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

When the polymerization temperature is too high,
depolvmerization of a polymer 1s likely to occur,

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

The polymerization reaction proceeds by the mixing

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

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

25 the below-mentioned operation for adjusting the hetero-



25 46 Step (i) Phase separation of the polynerization reac- tion mxture
into a THF organi c phase and an aqueous THF/ catal yst phase: The

pol ymeri zation reaction mxture is wwthdrawn 5 fromthe reaction system at
the sane rate as the rate of the feeding of the nonomer (THF) and

I ntroduced into a phase-separation vessel gsuch as a decanter), to

t hereby separate the reaction mixture into%& reaction- formed THF organic
phase (conposed nmainly of THF and 10 the PTM5 and a reaction-fornmed

aqueous THF/ cat onstacihazertehite oFHEhE! oy Sxyplasaniet hwilehdr gdpcdlpm t he
phase-separation vessel and subjected to the next-step treatnent. The

separ at ed aqueousanl Hd GRtrasledoRas €heSraw andid eick I A ilghe.dr éacknon system
15 The THF organi c phase contains 4 to 30 % by weight of the PTM5 and the

hi gher the degregnaintpAfyned 23 welightobrt hesdTMIedr@abliyglled &hby PTMG
content of the THF organic phase. For exanple, when a PTMSG having an WMh
of approxi mat el weli3Mx i greaduced, the PTMG content 20 of the THF organic
phase is approximately 23 to 25 % by weight. Step (ii) Renoval of a
portion of THF in th&lEHRemirega®TMGphiisthdyprisant |iaviepkiop5canpdbeti on of
unreacted THF in the THF organic 47
obtained by obtaining a reaction mixture of a ring-
opening polymerization reaction of THF and adjusting
the heteropolvacid content of the obtained reaction
mixture to 10 to 900 ppb by weight. The heteropolyacid
10 content can be adjusted by conventional methods, such
as a method disclosed in Unexamined Japanese Patent Ap-
plication Laid-Open Specification Nos. 61-118420, 6l-
115934 and 61-1236292 {(each corresponding to U.5. Patent
No. 4,677,231). However, it is preferred that the
i5 heteropolyacid content is adjusted by a method which
comprises the following steps (i) to (vi):
(i) separating the polymerization reaction mix-
ture into a reaction-formed aqueous THF/catalyst phase
and a reaction-~formed THF organic phase containing a
20 PTMG, and obtaining the THF organic phase containing
PTMG;
{ii) distilling off a portion of THF in the ob-
tained THF organic phase, to thereby obtain a PTMG con-

centrate;

25 {(iii) adding at least one saturated hydrocarbon



phase is distilled off to thereby obtain a PTMs concen- trate. The wei ght
ratio of the THE remaining in the PTMSG concentrate to the PTMGis 0.1 to
3, preferably from0.5 to 1.5. Wen the weight ratio of the remain 5 ing
THE is less than 0.1, the efficiency of phase- separation of the catalyst
phase (which occurs in Step (iii) described below by the addition of a
saturated hydrocarbon to the PTMG concent #ate) beconmes low. In other
wor ds, the amount of the heteropolyacid (dis 10 solved in the THE organic

phase) which isnzeiRwed By 1oheapbasicat@iar@ld-a Jpeetieatsdahydrdddrs-
| owering of the efficiency of the phase-separation can be expl ained as

fol lows. Since tfag)seubine Ml cBnBaME-d¥e & Akt aakadahyde opradon is
| ow, when the weight ratio of THE 15 renmaining in the PTMG concentrate to

the PTMG is Iowé_cén&%i@ﬂi&bu%epg&tabﬁ sAt th it dnePagachanaasdo Bidds con-
centrate is readily separated into a PTMG phase and a hydrocarbon phase.

Thi s phase sepanrat itoR Pasi toncBndrateyedndamfoddad ief phasen¢yomposed
phase-separation of the 20 catal yst dissolved in the PTMG On the other
hand, when t he magirgRt ofatthe @boivBemertbomed gsdftdirdtedriyd@rbbanboB, ande
remai ning THE functions as a good solvent for the heteropol yacid and
| owers the effi amm)y aafe [oased,sepdr atbsequdnitihe matoalingt thhasata?25 48

Step (iii) Addition of a saturated hydrocarbon to the
lyst phase;
{iv) after removal of the catalyst phase, sub-
jecting the organic phase to a treatment with an acti-
10 vated carbon so that the heteropolyacid dissolved in
the organic phase is adsorbed on the activated carbon
and removed from the organic phase;
{v) distilling off THF remaining in the organic
phase so that a saturated hydrocarbon phase and a PTMG
i5 phase are formed, and subsequently removing the satu-
rated hydrocarbon phase; and
(vi) after removal of the saturated hydrocarbon
phase, distilling off the low boiling point substances
contained in the remaining PTMG phase under reduced
20 pressure, so as to obtain a PTMG in which the hetero-
polyacid content is adjusted to 10 to 900 ppb by weight.
i Hereinbelow, the above-mentioned steps (i} to {vi)
for adjusting the heteropolyacid content of a PTMG are

explained in more detail.
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PTMS concentrate and the phase-separation of the resul- tant mxture into a
cat al yst phase and an organic phase: 5 Exanples of saturated hydrocarbons
to be added to the PTMG concentrate include C5-Cl0 saturated hydrocar-
bons, such as cycl opentane, cycl ohexane, cycl oheptane, cycl ooctane,

cycl ononane, cycl odecane, nethyl cycl open- tane, nethyl cycl ohexane,

2- et hyi hexane, pentane, hexane, 10 heptaneiéoct ane, nonane and decane.
These saturated hydrocarbons can be used individually or in conbination.

The anmount of t tiurat d s, f % wei ght,
preferably fron?%%ﬁﬁéggo ggagé ﬁg?gﬁg?ﬂﬁg§§g3?§?5$§ |%Q%%§ﬁ?§% %%%%0 % by

wei ght, 15 based o il @ aln 28 1a0RrObrgah i dUpKk 4B drid @rORigkeBad by

addi ng the saturated hydrocarbon to the PTMG concen- trate. I'n this step
(i), two |iquigimhanesydiaflaked catalyst phase containing a portion of
t he heteropoly- 20 acid contained in the PTM5 concentrate and an organic

phase conposed mai nl yn@f gdigmeativhated hydeoctas herknane iBTMatharawhor ned.
The catal yst phase is separated and renoved fromthe organi c phase, and

the organsc phaseron siljecitadd Gyatencat Tené samd ateacis \taeedacar bon in
25 the subsequent step (iv). 49 Step (iv) Renoval of the catalyst in the
organi c phase mf tire tfeaaiimntofvithe avnamnblvaryE) catdamtroduced into
a phase-separation vessel (such as a decanter), to
thereby separate the reaction mixture into a reaction-
formed THF organic phase {(composed mainly of THF and
10 the PTMG} and a reaction-formed agueous THF/catalyst
phase. The THF organic phase is withdrawn from the
phase-separation vessel and subjected to the next-step
treatment. The separated agqueous THF/catalyst phase is
recycled to the reaction system.
i5 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 cf the THF organic phase is approximately 23 to 25 % by
weight.
Step (ii} Removal of a portion of THF in the THF or-

ganic phase by distillation:

25 A portion of unreacted THF in the THF organic



In general, the heteropol yacid content of the or- 5 ganic phase (which is
subjected to step (iv)) is 1 to 100 ppm Wen the organic phase is applied
at arate of 100 kg/hour to a colum packed with an activated carbon, the
activated carbon is used in an anount such that the 10 absolute value of y
represented by the following for- nula (4) is in the range of from5 to
100: y = a/P (4) wherein a is the anount (Kg) of the activated carbon, and
3 is the heteropolyacid content 15 (ppm of the organic phase. In the step

for removing th K@éér}?@%y&%%#id}& 8N tReLbYRt 68t £ ROBIMEIRBNEES -

tenperature of the colum packed wth an activated carbon is maintained

within the range-ofefrafel %eli@n80rkt 8504 hend I8 AeraRliagt i80thet veen the
het er opol yaci d and t%e activatéd carbon 1s controlled within the range of

from5 to 60 m npes, colcelOCOEX PR Phdct 9seasi| ¥o afl] Yplefidi@ably _
het eropol yacid content of the final PTMGto 10 to 900 ppb w thout be- ing

i nfluenced by theryardadien ifslhembAi thal wéediet orddo pE yaei demanient of
t he organi c phase. The treatnent of the organic phase with an acti- vated

carbon cag al so bggcremelurs etedy tharetohad wher efdncienisprgd iphaseessel is
used in place of a colum, and the 5 activated carbon havi ng adsor bed
t hereon the heteg@paration of the catalyst phase (which occurs in Step
{iii) described below by the addition of a saturated
hydrocarbon to the PTMG concentrate) becomes low. In
other words, the amount of the heteropolyacid (dis-
10 solved in the THF organic phase)} which is removed by
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 is low, when the weight ratio of THF
15 remaining in the PTMG concentrate to the PITMG is low,
the mixtuxe of the saturated hydrocarbon and PTMG con-
centrate is readily 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 is more than
a3, the remaining THF functions as a good solvent for
the heteropolyacid and lowers the efficiency of phase-

separation of the catalyst phase.

25



polyacid is renoved fromthe treated organic 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 PTM5

nol ecul es, the adsorption of such hetero- gél yacid nol ecul es on the
activated carbon is in a 15 specific equilibriumstate. Therefore, it is

possible to pr 31&*16) NELELOPOL YO 1! JHRBEHIGES 1Y 68aRb6n | £ 1 ACTI NG

with the term na roxyl groups of the PTMs nol eCules, in the organic

phase wi th high Eﬁﬁ‘icﬁ%n\ﬁetrbf:ra%t Qnﬁe§ﬁé%héé’eli@péﬁﬁrﬁp@ﬂéﬁbdrgﬁhﬂiU| es
which 20 are interacting wth the termnal hydroxyl groups of the PTMG

nol ecul es, thei rypatmisitafied 132kl ANcachl 9ot Iehasdll ddd Gl loafahie suppr essi on
of the thernal notion of the term nal hydroxyl groups of the PTMG

ol ecul es is stgpn@.y exhibited than their depolynerizing action 25 which
is conventionally considered in this technical 51 field to be the adverse

effects of the resi dynlarpalesr @ RakMBatd CRY@IYSdrbor aodibegbydetnto heat
resi stance of the PTM5 is enhanced by the presence of the heteropoly- acid
in a specific anthetPTME Teaicentralby tthelufeves dese rddurategabhydnocdrth an
activated carbon, the anount of heteropolyacid con-
bons, such as cyclopentane, cyclchexane, cycloheptane,
cyclooctane, cyclononane, cyclodecane, methylcyclopen-
tane, methylcyclohexane, 2-ethylhexane, pentane, hexane,
10 heptane, octane, nonane and decane. These saturated
hydrocarbons can be used individually or in combination.
The amount of the saturated hydrocarbon used is
from 10 to 90 % by weight, preferably from 30 to 80 %
by weight, more preferably from 50 to 70 % by weight,
15 based on the total weight of a liquid mixture obtained
by adding the saturated hydrocarbon to the PTMG concen-
trate.
In this step (iii), two ligquid phases, namely a
catalvst 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
?TMG, are formed. The catalyst phase is separated and
removed from the organic phase, and the organic phase

is subjected to a treatment with an activated carbon in

25 the subseguent step (iv}.



tained in the saturated hydrocarbon is rendered ex- trenely |Iow, and the

variation in the ambunt of the

kept to a mni
interacting wt

satur ated hydrocarbon phase from

this step, THE

organi ¢ phase 20 can be renoved by phase-separation,

Lgﬁ?d( i%drﬁgzﬂ{)@% Phase R AvEEMEn PRESSrgdites Hise

concentration in

tion into a sat

preferably 100

het eropol yacid remaining in the PTMGis

10 mum so that the anount of the heteropol yacid nol ecul es
_ h the term nal hydroxyl groups of the PTMG nolecules is
controlled within the predetermned range. 15 Step (v) Renoval of a

t he organabc phase by phase-separation: In

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

e still residue af- ter renoval of THETs 0.1 %or

nanely the separa-

| ess,

ALY {:83%medRdwiPheaR! L1 edloa Lbdpm:0r | ess. By |ower

25 ing the THE concentration as nmuch as possible, it be 52 cones possible
to not only separat e fiheeRkaan CtREaBStetdOlvachal Worired thydr eardon phase

and a PTMG phase in

a short tine, but also |ower both the saturated hydro-

carbon cogtent ofadihe fRE¥e Ahasenand biei&TP4a conterdp S 10f) )t he satorated

hydr ocar bon phase.

i nproved by the 1dovw.ng of the amount of the PTMG di ssolved in the
saturated hydrocarbon phase. Further, the | oad of the

10

15

20

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

absolute value of y represented by the following for-

mula (4} is in the range of from 5 to 100:

y=o0o/B (4)

wherein o is the amount {kg) of the activated

carbon, and § is the heteropolyacid content

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

ing influenced by the variation in the initial hetero-

As a result, the vyield of the polynerization product is



distillation conducted in the subsequent step (vi) for 10 renoving the
saturated hydrocarbon is reduced. Step (vi) Renoval of |ow boiling point
substances from the PTMS phase: Low boiling point substances contained in
the PTMc 15 phase (which has been separated fromthe saturated hy-

drocar bon phase) are renoved by distillation under re- duced pressure. In
this distillation, the degree of vacuum i $%enerally 5 Torr or |ess,
preferably 0.5 Torr or less, nore preferably 0.005 Torr or less. By con 20

ducting the di stgdivaidiqD dHidemt be daar ggg@,ﬁiaaﬁgﬁga_as hi gh as possi bl e,
not only can the distillation tem perature be lowered, but also the tine

in which the PTMG i smexpasedredtaoli ghet et YWitideS wiR® b@nadtiAs a
result, a thermal deconposition of the PTMG during 25 the distillation is

suppressed. Theradid®, cddbdrs dah apsef Ber edndhieted ey di sidtHod iwbleTeS an
conducted under the degree of vacuum as high as possible. In addition, the

distillation terptyatptrieon sregavedr dlsl ysed Lheplangedfa dalammGOand 168 C,
preferably in the range of from70 5 to 130 C. PTMG having the
het er opol §aci d contientted dammonl GavipgballecfBeOd piitereombite hedelry -
conducting the above- nentioned steps (i) to (vi). 10 As described above,
the PTMG of the poricssamid i imy gremaviedn £ram bhe ptoehiost dyygan e thaedewbiych
conpri ses:
filtration with a filter.
By the above-described treatment with an activated
carbon, almost all of the heteropolvacid contained in
10 the organic phase is adsorbed on the activated carbon.
However, with respect to the heteropolyacid molecules
which are interacting with the terminal hydroxyl groups
of the PTMG molecules, the adsorption of such hetero-
polyacid molecules on the activated carbon is in a
i5 specific egquilibrium state. Therefore, it is possible
to preserve the heteropolyacid molecules which are in-
teracting with the terminal hydroxyl groups of the PTMG
molecules, in the organic phase with high selectivity.
With respect to the heteropolvacid molecules which
20 are interacting with the terminal hydroxyl groups of
the PTMG molecules, their heat stabilization action re-
sulting from the suppression of the thermal motion of
the terminal hydroxyl groups of the PTMG molecules is
strongly exhibited than their depolymerizing action

25 which is conventionally considered in this technical



subjecting THE to a ring opening-polynerization reaction in a continuous
pol yner.i zation reactor with stirrer in the presence of a heteropol yacid
catalyst, 15 to thereby obtain a PTMG having a specific nolecular weight
di stribution properties; and adjusting the heteropolyacid content of the
PTM5 by renoving a portion of the catal yst (heteropolyacid) fromthe

pol yneri zation reaction m xture. 20 Herei nb8low, an explanation is made
with respect to the nmethod for producing the PTM5 of the present in-

vention, with refeeeaceot BeFile daVbisd SHWSG A ol RhE Chd Ay FySt em
for PTMa In the productioﬁ sygten1of Fig. 1, TﬁE ?E%n%ﬁ%??ﬂggsﬁéféré

aqueous THE sol upbogaelaacheaeyspo! ¥aeotaiaat e, 5€1he|1%le§eh% *ST QIR Qe this

solution is referred to as the  "catal yst sol ufion” I's I ntroduced

into continuous thel pEHG 18t EANahE8E I9F ﬂl@ﬁiﬁe%%%@e%thtﬁé'ﬁé%rc%%oﬁﬂd the
resultant reaction systemin reactor 2 is stirred 5 vigorously

specific gravityaofidt ha eakpbysfisodmburdt.on (CS), the retention tine (V/F)
of THE and the no- tive power (P/V) applied to the liquid per unit volune
of the re&ctor correl ZThettbseaby thdabovEhdleatbenibedl 8feaPh@sitiGrth arPTMG

having a specific nol ecul ar weight 10 distribution properties, the
pol ymeri zati on ofc¥hHFated perbonpethenderumcond hietssopbiyetatden-specific
gravity of the catalyst solution (CS), the V/F value and the
tained in the saturated hydrocarbon is rendered ex-
tremely low, and the variation in the amount of the
heteropolyacid remaining in the PTMG is kept to a mini-
i0 mum so that the amount of the heteropolyacid molecules
interacting with the terminal hydroxyl groups of the

PTMG molecules is controlled within the predetermined

range.

15 Step (v) Removal of a 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 into a saturated hydrocarbon phase and a PTMG
?hase. The THF concentration in the still residue af-
ter removal of THF is 0.1 % or less, preferably 100 ppnm
or less, and more preferably 50 ppm or less. By lower-

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



P/V value are appropriately selected fromthe above- nentioned ranges.
During the polynerization reaction, 15 THE is continuously fed to reactor 2
and water fromwa- ter feeding tank 3 is fed to reactor 2 so as to nain-
tain the anobunt of water coordinated to the catalyst (in other words, so
as to maintain the amount of water in reactor 2) at a desired,
predetermi ned | evel. The 20 pol ynerization $2action mixture is continuously
with- drawn fromreactor 2 and transferred to first, phase- separation

vessel 4 so as t@ol8sSERSEELEE LHIRLR dxﬂg'seﬂaQBtEOEHEdoﬂ_%‘ﬁum depper
phase) and a reaction- formed aqueous THE/ catal yst phase (CP) (1 ower

phase). 25 The agneeus F&bhcated Vst dnCihake bREYSE! PEME GHeDIn act or
2. The THF phase (containing the PTMG produced by the polynmerization

reaction) is w thdsngatftone, phas cabapA@BIdrObotBSERE datlirdfwy Sym-d-ate as
the rate of the feeding of THF. 5 The THF phase w thdrawn from

phase- separ at i oncaebensebniens 6Nt tios et tphagieShihlll 8hé oPTMESSRItednt A por -
tion of THF in the THF phase is distilled off to there- by obtain a PTM5

concentratte. TheoPTMiecsatendtad ehydrommrdainuphaseof A MGCresulfti,clihehe PTMG
concentration has 10 been increased in distillation vessel 5. The PTMG con-

centrate is intrpiatéddof othecpobymetiesdiseparaduch ¥ssimsedvdd AN Wregani c
solvent (S) (such as a C5-Cl0 satu- rated hydrocarbon) is added to the PTMG
concentrate in Yowering of the amount of the PTMG dissolved in the

saturated hydrocarbon phase. Further, the load of the
distillation conducted in the subsequent step (vi) for

10 removing the saturated hydrocarbon is reduced.

Step (vi)} Removal of low-boiling point substances from
the PTMG phase:
Low-boiling point substances contained in the PTMG
15 phase {which has been separated from the saturated hy-
drocarbon phase) are removed by distillation under re-
duced pressure. In this distillation, the degree of
vacuum 1is 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-
?erature be lowered, but also the time in which the
PTMG is exposed to a high temperature is shortened. As
a result, a thermal decomposition of the PTMG during

25 the distillation is suppressed. Therefore, it is



second, phase-separation vessel 6, and after m xing the 15 solvent and the
PTMG concentrate by stirring, the re- sultant mxture is separated into two
| i quid phases. By this phase-separation, a catalyst phase (CP) con-
taining a portion of the catalyst dissolved in the polynerization reaction
m xture (PTMS concentrate) 20 (|l ower phase) and an organi ¢ phase conposed
mainly of the organic solvent (S) and PTM33(upper phase) are forned.
Subsequently, the catalyst phase (CP) is re- noved. The renai ning organic

phase is subjectedferr@d taE@IORPLl RstiEBAFEM ¥ tdbrfuci@eld vaked €mebon
(AC) by, 25 for exanple, introducing the organic phase into colum 56 7

packed with an a@mlgres ed caichem aBynifhSagdsespi . theaid®pion Alumest all
of the catalyst dissolved in the organic phase is adsorbed on the

activated carborli(sAG) latiun aeppeiratnrefl is heenat £l Mstinviheh raageossi der ed
to be 5 interacting with the term nal hydroxyl groups of the PTMG

mol ecul es renmai Brdr athecornganicc, phesteraiiley A t@@nirenpbase phdeypassed
t hrough colum 7 packed with an activated carbon is introduced to
distillatjon colto Wwas 8Cto distill off THF fromthe organic phase. THF 10
is distilled off fromthe organic phase in an anmount sufficient to cause
phase-separation of FHMGohgaing thhabeterepolyawidanindesd oEnfré®) l1Phase
and a PTMG phase. That is, it is not necessary to renove all of THF in
t he organic phagggyto 500 ppb is obtained by conducting the above-~

mentioned steps (i) to {(vi).

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

tion can be produced by a method which comprises:

subjecting THF to a ring opening-polymerization
reaction in a continuous polymerization reactor with
stirrer in the presence of a heteropolyacid catalyst,

i5 to thereby obtain a PTMG having a specific molecular

weight distribution properties; and

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

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

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

25 and an agueous THF solution of a heteropolyacid {cata-



15 After renoving THF, the resultant organic phase is introduced into
third, separation vessel 9 so as to separate the organic phase into two
l.iquid phases, nanely, an organic solvent phase and a PTMG phase. Next,

t he organi c solvent phase is renoved from separation 20 vessel 9 and the
remai ni ng PTMG phase is introduced into g uum di stillation vessel 10
(such as thin filmdistil- lation apparatu % In distillation vessel 10,

| ow- boiling point substances (LBPS) (such as renmmining THF, the organic
sol vent and THF ldsitgortdvesle imbe ldivst Ehiedsoidti@b isherdierredt &bneésngthdie PTMG
of the present invention. 57 By the above-nentioned nethod, it becones
possi bl e to st abloatedivdidctsoduddonér €C8) ) stal npratinsd datef condinpqpses of
the present invention which has an adjusted content of heteropolyacid and
speci fic nol eculpplymenjiratiprdirsectbut 2 opdpippRe tWidd sméfrprwb ofng he
present invention can be used in the formof a PTMG copol yne . e

copol ymer of THEheynesud tagrioFeacELoansY sbem ctihdfeaahns Eoﬁ?nﬁFirE&%nples
of the comononer to be copol ynmerized with THE include 10

3- net hyl -2 et r ahyehIEHELY -1, Topr spgehle ghaydtyz ofethl cababyehe®odhd t he

like. I'n such a PTM5 co olyne the content of the compnoner units is 20 %

by weight or |dd&n )eréBFyIfGeQ§B9nmE?ﬁ%t(¥%Flé?%gﬂgééég Shethe- wei ght
of the PTMG copol et A5 Tt FTYE 91 e, PEESEI W Sk Ohs®ubldd '™

of the reactor correlate to each other. Therefore, for
producing a PTMG having a specific mclecular weight

10 distribution properties, the polymerization of THF is
performed under conditions wherein the specific gravity
of the catalyst solution (CS), the V/F value and the
P/V value are appropriately selected from the above-
mentioned ranges. During the polymerization reaction,

i5 THF is continuously fed to reactor 2 and water from wa-
ter feeding tank 3 is fed to reactor 2 so as to main-
tain the amount of water coordinated to the catalyst
{in other words, so as to maintain the amount of water
in reactor 2) at a desired, predetermined level. The

20 polymerization 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 agueous THF/catalyst phase (CP)} (lower phase).

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



proved properties with respect to heat resistance and |ow viscosity. By
virtue of these excellent properties, not only can deconposition of the
PTMG during the stor- age be suppressed, but also the anpbunt of a
stabilizer 20 can be decreased. Further, thermal deconposition of PTM5
bei ng formed during the polynerization process is suppressed. Therefore,
the PTMG of the present inven- tion can bezgﬁvantageously used for
produci ng high per- formance elastic fibers, such as a polyester elastic 25
fiber and a pol yagsthahe &hastHE phbhee. ( SGntREShdVANe FORCCARRN MG OUT THE
| NVENTI ON Her ei nbel ow, the present invention will be de- scribed in nore
detail wth reféérentee tpelimerfiddtidwinngeaEtdnpl) ess whtipdratn \Erdexanpl es and
Test Exanples, but 5 they should not be construed as limting the scope of
t he present i nvephieer:separdisidmlviemnieig 4Erdnphessanarraus ga dier tads wer e
measured using the follow ng instrunents and by the follow ng nmethods. 10
(1) GPC i) Instreferte elippafatliE. Shodex GPC system 11 (nmanuf act ured
and sold by Showa Denko K. K., 15 Japan) Columm: Shodex OH pack
(manuf act Bred and solth®yHF phase withdrawn from phase-separation ves-
sel 4 is introduced to distillation vessel 5. A por-
tion of THF in the THF phase is distilled off to there-
by obtain a PTMG concentrate. The PTMG concentrate is
a solution of PTMG in which the PTMG concentration has
10 been increased in distillation vessel 5. The PTMG con-
centrate is introduced to second, phase-separation ves-
sel 6. An corganic solvent (S) {(such as a Cy-C1g 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 liguid 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 (S8) and PTMG (upper phase) are
formed. Subsequently, the catalyst phase (CP) is re-
moved. The remaining organic phase is subjected to an
adsorption treatment with an activated carbon (AC} by,

25 for example, intreoducing the organic phase into column



Shown Denko K. K., Japan): SB 806 M (2 colums) SB 802.5 (1 colum) 20
ii) Conditions used for analysis Detector: Differential refractoneter

Col um tenperature: 60 C Carrier (eluent): 0.02 nol/liter LiBr solution of
di met hyl acetamde 25 Flow rate of carrier: 1.0 m/mn 59 Anount of

I njected sanple: 100 | Preparation of a sanple: 0.8 % solution of PTMGin
t he above-nentioned carrier. 5 (2) Viscosidy i) Instruments Apparatuses:
E-type visconmeter, Controller E2 and G rculating constant-tenperature

bath VCH 4 (each gﬁ@ﬂé@cﬁifﬁméﬁ”gﬁEyea%@hd09¥ba¥]q MECendaraddorbtion
Condi tions used f measuring viscosity Tenperature: 40 C (39 to 41 C)

Revol ution of retghimél: ! Pirest 1 1TGA thBeEapal A r@lsfs'o@véﬁah}istﬁé i)
| nstrunent Apparatus: TA 2950 (manufactured and sold by TA |nstrunent,
U S.A) ii) CondpthanscUseskd Of s ao¥Ped on the activated carbon (AC),
but a portion of the catalyst which is considered to be
5 interacting with the terminal hydroxyl groups of the
PTMG molecules remains in the organic phase. The or-
ganic phase which passed through column 7 packed with
an activated carbon is introduced to distillation col-
umn 8 to distill off THF from the organic phase. THF

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

15 After removing THF, the resultant organic phase 1is
introduced into third, separation vessel 9 so as to
separate the organic phase into two liguid phases,
namely, an organic solvent phase and a PTMG phase. Next,
the organic solvent phase is removed from separation

20 vessel 2 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 PIMG of the present invention.



20 Rate of increase in tenperature: 10 Cmn Range of tenperature used for
anal ysis: Roomtenperature to 500 C Atnosphere used for analysis: N trogen
gas at nosphere (purge'time: 1 hour) 25 60 (4) Method for determning a
het er opol yaci d content Heteropol yacid content of PTM5is determ ned by
measuring the concentrations of tungsten, nolybdenum and vanadi um
contained in a heteropolyacid. The total %7of the tungsten, nolybdenum and
ni obi um concentrations is used as the heteropol yacid content of the PTMG

A. Apparatus: PQQt DoREHE agd soid Ve Hlwareent al
Engl and) B. Met hod %geth%EaRggé Speé?%%ﬁ%?@? Bgr)ggﬁgggilnaﬁig; 5 g of a

sanpl e PTMG is ) aqeh ik cBnalEar hZcshmstdila: ska1eChrdBeceidi ot errront ai ni ng
the sanple is heat to cal- cine the sanple, thereby obtaining a

deconposi tion gipdugt -th@cg;rzgehheiﬂmwi@& Begdust a@ph@ie®d in step
above is added 2 m of 35 % hydrochloric acid solu- 20 tion. Then, the

resul tant n‘XtLﬁdhﬂéhth%%t%@t@ﬂoﬁoh?&ci&iﬁﬁﬂtépé$1$§@|Meléb@lﬂﬁcﬁéﬁghﬁ tion
product, thereby obtaining a solution.

5 distribution properties.

The PTMG of the present invention can be used in
the form of a PTMG copolymer, i.e., a copolymer of THF
with a monomer of another ether type polymer. Examples
of the comonomer to be copolymerized with THF include

i0 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 properties,
not only can decomposition of the PTMG during the stor-
age be suppressed, but alsc the amount of a stabilizer

20 can be decreased. Further, thermal decomposition of
PTMG being formed during the polymerization process 1is
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.



(r) 0.1 m of an aqueous 1 ppmindium (In) solution is added to the

obtai ned solution as an internal stan-' 25 dard. 61 T Water is added to
the m xture obtained in step above so that the final volunme of the solution
be- conmes 25 m. (c) The solution obtained in step T is subjected to 5

| CP- Mass spectronetry. C. Preparation of a calibration curve: O A set of
standard sol utions for preparing a calibra®8ion curve is individually
prepared for each of 10 tungsten, nolybdenum and vanadium Specifically, a
series of solutions conBESTI MODE MORBIARRYSIREC 0BT THEVARVENBIGNCcent rati ons
(5 to 10000 ppb by weight) is prepared. (c) 0.1 m of an aqueous 1 ppm

i ndi um (I n) sol uti on BEaxeitbedw,ntienptesémbdaivknisicaddad it ®e5dg-of each of
the standard solutions prepared in step (r), thereby ob- taining mxed
solutions. (r) \Wamibad iaddextet detthélt Wlthobefernad:s datihen€oddowtihgt t he
vol une of each solution becones 25 m. 20 (r) The resultant solutions are
subj ect ed to | CE:MmslespedlonpasatyiveoEasmpbepr apdriest Edanplaisi, obhutur ve.

D. Determ nation of a heteropolyacid content: The concentrations of

t ungst en, 5nol ybdaraim shiniihda nods beagionatotied sanplelPING the deopentfied by
usi ng the

the present invention.
In the following Examples, various properties were
measured using the following instruments and by the

following methods.

10
(1 GPC
i} Instruments
GPC apparatus: Shodex GPC system-11 {manufactured
and sold by Showa Denko K.XK.,
is5 Japan)
Column: Shodex OH pack {manufactured and sold by
Showa Denko XK. X., Japan}:
SB 806 M {2 columns)
5B 802.5 (1 column)
20 ii) 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



62 calibration curves for tungsten, nolybdenum and vana- dium Exanple 1 5
Pol yoxyt et ranet hyl ene gl ycol (PTM5 was produced wusing the production
system shown in Fig. 1. First, a heteropol yacid catal yst solution for use
as a polymerization catal yst was produced as follows. A 2-liter reaction
vessel was prepared, which is 10 provided with a 3-way cock having three
respective ends, wherein each end has att@thed thereto a condenser and an
eggpl ant type flask for collecting and storing a distillate produced by

t he condenser, so tRabubbeo€onnjéerés Nimgike reactypn vessel can be
distilled. The 15 thus prepared reaction vessel was used for producing a

het er opol yaci d cat abPyspasattiibhoof 4 danisie :0f 0t 8t % adytuidicf wfaPTHEHER and
600 g of silicotungstic acid dodeca- hydrate were introduced into the
reaction vessel in this order,tladistve-mettdonéd Carmbetre continuously 20
removi ng an azeotropic vapor of water and THF fromthe reaction vessel.
The specific gravity of a solution being fornmed in the reaction vessel was
periodically neasured while feeding THF to the reaction vessel every 10
m nutes so as td2donpéssastt¥or the total anmount of 25 water and THF
renmoved fromthe reaction vessel. \Wen 63 the specific gravity of the
sol uti on became 21}1,Ingigruments
Apparatuses: E-type viscometer, Controller E2 and
Circulating constant-temperature
bath VCH-4 (each manufactured and
10 sold by TOKIMEC, Japan)
ii} Conditions used for measuring visceosity
Temperature: 40 °C (39 to 41 °C)

Revolution of rotor: 20 rpm

15 {3} TGA (Thermogravimetric analysis)
i) Instrument
Apparatus: TA 2950 {(manufactured and socld by TA
Instrument, U.85.A)
ii} Conditions used for analysis
20 Rate of increase in temperature: 10 °C/min
Range of temperature used for analysis:
Room temperature to 500 °C
Atmosphere used for analysis:
Nitrogen gas atmosphere (purge time: 1 hour)

25



reaction was termnated to thereby obtain a catalyst solution, nanely, a
solution of a heteropolyacid cata- lyst in a THE/water mixture. 5 Next,

pol yoxyt et ranet hyl ene gl ycol was produced by the follow ng operation.
Reactor 2 having a capacity of 500 m was equipped with stirrer 1 and a
ref lux con- denser. 110 ml of the above-obtained catal yst solution (CS)
was charged into reactor 2 and 310 mi of THE 10 (nononer) was added thereto
to thereby obtain a reac- tion system conprised of a THE organi ¢ phase and

an aqueous THE/ ¢afalmsthadars: dBterehhahged heBsto P FSHA tovmtens stirred
at 60 C while maintaining the notive power (P/V) applied to the liquid per

unit volune of 15 theHeeactpslpdcil @dadent afidPWMG| esfeetenginddEHyo reac-
tor 2 at a rate of 28 m/hour, to thereby obtain a polynerization reaction
m Xt ure conpri si mgasureagt tha- céuderet-abidone @Enittnpbaser, cool ghdeman a

pol yoxytetra- nethyl ene glycol and a reaction-fornmed aqueous 20
THE/ cat al yst phased ¥hradptientomtainete ifV/a-hetkerdpblvacidecadim tdtads 15
hours. During the reaction, water was fed to reactor 2 fromwater feeding
tank 3 soBas to coffatheatnnghtespewsXyisiagruayiand aficbliemagorcestraitEneat al yst
phase at 2.1. A part of the polyneriza 25 tion reaction m xture was
transferred intoifinsed 84 thhaketewmrulimaddd weosent4oft bhe eBIMGeparati ng
the reac- tion mxture into two phases, nanely an upper reaction-

A. Apparatus:

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

10 Elemental, England)

B. Method for ICP-Mass Spectrometry:
® Approximately 5 g of a sample PTMG is placed in a
gquartz crucible.

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

® To the decomposition product obtained in step @
above is added 2 ml of 35 % hydrochloric acid solu-

20 tion. Then, the resultant mixture is heated on a
hot plate to dissolve the decomposition product,
thereby obtaining a solution.

@ 0.1 ml of an aqueocus 1 ppm indium {In) solution is
added to the obtained solution as an internal stan--

25 dard.



formed THF organi ¢ phase containing a pol yoxytetra- nethylene glycol and a
| oner reaction-formed aqueous 5 THF/ catal yst phase. The upper phase was

wi t hdrawn from first, phase-separation vessel 4 at a rate which is the
sane as the rate of the feeding of THF, while the |lower reaction-forned
aqueous THF/ catal yst phase (CP) was re- cycled to reactor 2. 10 The upper
phase withdrawn fromfirst, phase- separati®h vessel 4 (i.e., the
reaction-formed THF or- gani c phase contai ni ng pol yoxytetranet hyl ene

glycol) was fed® ngtétsis!|iadédne/ ameehikthoe oMY 1Ierepp@ed THF.
The THF concentration of the organic phase 15 was adjusted to 45 to 50 % by

wei ght, thereby obtabsvagsoatipst yithey tignadnebhyvhener otlye dononicantbeat e. The
above-nenti oned operation for obtaining a polyoxytetramnethylene glycol was
conti nuously perforoedesf®s ®D. hours. Approximately 10 g of the
pol yoxytetra 20 net hyl ene gl ycol concentrate produced during the stable
operation of the® eféosoasicangted fadoimndssepl Batiisosubyessell bof or GPC
anal ysis. Specifically, lowboiling point substances were distilled off
fromthe Sanpled potiodgsetspeetiymedmy.gl ycol concentrate at 60 C under 25
1 Torr before subjecting to GPC analysis. The results 65 are shown in
Table 4. Further, 100 g of the pol yoxy- tetranethylene glycol concentrate
produced during the stable operation of the reactor was subjected to the
C Preparation of a calibration curve:
® A set of standard solutions for preparing a calibra-
tion curve is individually prepared for each of
10 tungsten, molybdenum and vanadium. Specifically, a
series of solutions containing one metal specie in
various concentrations (5 to 10000 ppb by weight) is
prepared.
@ 0.1 ml of an aqueous 1 ppm indium (In) solution as
15 an internal standard is added to 5 g of each of the
standard solutions prepared in step ®, thereby ob-
taining mixed solutions.
® wWater 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 concentrations of tungsten, molybdenum and va-

25 nadium of a sample PTMG is determined by using the



foll ow ng operations for adjusting the heteropolyacid 5 content of the

pol yoxyt et ranet hyl ene gl ycol. 100 g of the pol yoxytetranet hyl ene gl ycol
concen- trate was fed into second, phase-separation vessel 6. 120 g of
n-oct ane (solvent, S) was added to second, phase-separation vessel 6 and
stirred for 5 mnutes at 10 roomtenperature, thereby obtaining a m xture.
The ob- tained mxture was allowed to stan&2still for approxi- mately 5

m nutes, so that the m xture was separated in- to a | ower aqueous

THF/ het er opol yacedli et Ml Alees foePruagdtén, URPBfbd¥iANizhdRase- 200 g
of the upper 15 organic phase which is a solution containing pol yoxy-

tetramet hyl ene giywew] was placed in a 500 ml eggplant type flask which was
warnmed in a water bath maintained at 50 C. Subsequently, the solution was
applied to adsorption colum 7 at a rate of 100 g/ hour using a 20 punp.
Adsorption colum 7 was a columm packed wwth 1 kg of an activated carbon
(AC) and the colExmampbel an outer jacket in which water heated to 45 C was
circu- lated so as to maintain the inner tenperature of ad- sorption col umm
7 at 40 Gsor higher. 2olyaxwledaamethppensi ghyedy QOBMG)) wasd aireddckdom ad 66
sorption colum 7 was placed in a 300 M eggplant type flask heated in an
oi | bath mai nt ai gethattheE@duridonegypkant shgpe it Rilgwds equi pped with an
A dershaw dis- tillation columm (nunber of theoretical plates: 10).
First, a heteropolyacid catalyst solution for use
as a polymerization catalyst was produced as follows.
A 2-liter reaction vessel was prepared, which is
10 provided with a 3-way cock having three respective ends,
wherein each end has attached thereto a condenser and
an eggplant type flask for collecting and storing a
distillate produced by the condenser, so that the con-
tents of the reactlon vessel can be distilled. The
15 thus prepared reaction vessel was used for producing a
heteropolyacid catalyst solution. 1 liter of tetrahy-
drofuran (THF) and 600 g of silicotungstic acid dodeca-
hydrate were introduced into the reaction vessel in
this order, and stirred at 60 °C, while continuously
20 removing an azeotropic vapor of water and THF from the
reaction vessel. The specific gravity of a solution
being formed in the reaction vessel was perilodically
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



5 The eluate in the eggplant type flask was subjected to distillation
under atnospheric pressure with stirring to thereby renove THE in the
eluate. The residual so- lution in the flask was transferred to a 300 mi
separa- tion funnel used as third, phase-separation vessel 9. 10 In third,
phase-separation vessel 9, the solution was allowed to separate into two
phases, namely a phase containing pol yoxyfétranethyl ene glycol as a main
com ponent and a phase containing n-octane (S) as a main conponent. The

| ower phase (appheXisfRialftc3Qrakie9nod Sthdli gung inl yexuhet camet tiyd ene

gl ycol was taken out from third, phase-separation vessel 9 and subjected
to vac- uum di striddcatiionn was tagmifrtdedttd | Hdmmbwedtalinl@ tatal@dt m nutes
at 100 C under a reduced pressure of not nore than 0.1 Torr. Low boiling
poi nt subst ancescAGt{ildBRShameleh assoletriamesf EHhededopbilyasgdscatere di s-
tilled off to thereby obtain PTMaG The obtai ned PTMc was approxi mately 23
g. The nunber avgrsdgdma €6IH/aateri ghtédd) and the nol ecul ar wei ght
distribution (MvV M) of the obtained 25 PTMs was determ ned by GPC under
the condidions nen 6Nextt,opedyoryietraidihylence glficelr weal produeedhaivn in
Ta- ble 4. The heteropolyacid (silicotungstic acid) con- tent of the

obt ai ned PTMG wathedétadrinwiad lopernsinet hdpacdescRi baving &t eargdtEbove.

The heteropolyacid con 5 tent of the PTM5c was 300 ppb by wei ght.
of 500 ml was equipped with stirrer 1 and a reflux con-

denser. 110 ml of the above-obtained catalyst solution
(CS) was charged into reactor 2 and 310 ml of THF

10 {monomer} was added thereto to thereby obtain a reac-
tion system comprised of a THF organic phase and an
agueous THF/catalyst phase. The obtained reaction sys-
tem was stirred at 60 °C while maintaining the motive
power (P/V) applied to the liquid per unit volume of

15 the reactor at 2.0 kW/m® and while feeding THF to reac-
tor 2 at a rate of 28 ml/hour, to thereby obtain a
polymerization reaction mixture comprising a reaction-
formed THF organic phase containing a polyoxytetra-
methylens glycol and a reaction-formed agueous

20 THF/catalyst phase. The retention time (V/F) of THF in
reactor 2 was 15 hours. During the reaction, water was
?ed 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,



Exampl e 2 PTMG having a narrower nol ecul ar weight distribu- tion than that
of the PTMG produced in Exanple 1 was 10 produced in the follow ng nmanner.
The operation for produci ng pol yoxytetramet hyl ene gl ycol was effected in

t he sane manner as in Exanple 1, except that the anount of the
silicotungstic acid solution (catalyst solution) charged into the reactor
was increased by 50 mM w thout 15 changing‘?%e total volunme of the liquid
in reactor 2 (thus, the anmobunt of THE charged into the reactor was
decreased to 26(phmgearbartmt feediasgelatie thefély vespartd: inlgd e rebs-
addition, the VVF value of THE in the reactor was changed from 15 hours to
10 hours. The P/3@0 miftusrefinte twoaphesesasn@ndl K \Wmipgsrcresasivhe sane
as that of Exanple 1. Wth respect to the produced pol yoxytetranet hyl ene

gl ycol, the nunbéerrese il onganid phasei ghttabsid®40,polivexyteitaaul ar wei ght
distribution was 1.65; and the 25 content of high nol ecul ar wei ght PTMG

mol ecul es was 68nethwieng Wivedgland Br daveheseavblarestdmeds agueenst ood

that the nol ecul ar weight distribution of a polyoxy- tetranethyl ene glycol
can be nafrowed WEARRRE SHEh@hape t hEheuiRer Dhassgyasoiethiinavnefxin

t hereof, by de 5 creasing the V/F value of THE in the reactor. The

het er opol yaci d (EHi$cotRHRRa 15eRisadiogoneenel biak e qatedwbdeh is the

ol yoxyt et ranet hyl ene glycol was ad-
pol yoxy ggme aéJehe rate of the feeding of THF, while the lower

reaction-formed agueous 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 weight, thereby obtaining
a polyoxytetramethylene glycol concentrate.

The above-mentioned operation for obtaining a
polyoxytetramethylene glycol was continuously performed
for 50 hours. Approximately 10 g of the polyoxytetra-

20 methylene glycol concentrate produced during the stable
operation of the reactor was sampled from distillation
Yessel 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



justed in the sane manner as in Exanple 1, thereby ob- taining PTMa The
het eropol yacid content of the PTMG 10 was 230 ppb by weight. Further, the
PTMG obt ai ned by adjusting the heteropol yacid content of the pol yoxy-
tetramet hyl ene gl ycol was anal yzed by GPC. The results are shown in Table
4. 15 Exanple 3 The operation for producin% polyoxytetranethylene gl ycol
was effected in substantially the sane man I n Exanple 1, except that
80 m of a phosphonol ybdic acid solution haV|ng a specific gravity of 1.8

was used 20 as areatgtotn! S0IMHYIN 4.t hegdtidd ali0amguelr @he THELySHar ged in
the reactor was 340 m, the VVF value of THE in the reactor was 10 hours,

and the feeding ﬁee&mﬁthyfmw gi30d0Rbhekh EHat® Mmodurdiidirang the
specific gravity of the aqueous THE/ catal yst phase in the reac 25 tor at
1.8. In additiomstddie Ripénetith WS tRe3rkiétBr was Mitjectesipect the the
produced pol yoxytetranethyl ene glycol, the nunber average nol ecul ar wei ght
was 1060; the nidEonwiarg wpardticingt foltutddus tdsg 1t hesredroplpd vachdt ent  of
hi gh ol ecul ar wei ght PTMG nol ecul es was 5 4.35 % by wei ght. The

het er opol §aci d (guitosghiornod Wik edadgiodytebtnapathybénd helyadduced
pol yoxyt et ranet hyl ene gl ycol was ad- justed in the sane manner as in
Exanpl e 1, thereby oB0G & mithgheTHBlyTHptatraneplens dilyootlenonoeént he PTMG

trate was fed into second, phase-separation vessel 6.
120 g of n-octane (solvent, 8) was added to second,
phase-separation vessel 6 and stirred for 5 minutes at

10 room temperature, thereby obtaining a mixture. The ob-
tained mixture was allowed to stand still for approxi-
mately 5 minutes, s¢o that the mixture was separated in-
to a lower agueous THF/heteropolyacid catalyst phase
(CP)} and an upper organic phase. 200 g of the upper

15 organic phase which is a solution containing polyoxy-
tetramethylene glycol was placed in a 500 ml eggplant
type flask which was warmed in a water bath maintained
at 50 °C. BSubsequently, the solution was applied to
adsorption column 7 at a rate of 100 g/hour using a

20 pump. Adsorption column 7 was a column packed with 1
kg of an activated carbon (AC} and the column had an
?uter jacket in which water heated to 45 °C was circu-
lated so as to maintain the inner temperature of ad-
sorption column 7 at 40 °C or higher.

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



10 was 600 ppb by weight. Further, the PTMG obtained by adjusting the

het er opol yaci d content of the polyoxy- tetranethylene glycol was anal yzed
by GPC. The results are shown in Table 4. 15 Exanple 4 PTMS having a

br oader nol ecul ar weight distribu- tion than that of the PTMG produced in
Exampl e 3 was produced in the follow ng manner. The operation for
produci ng pol yoxyt etranet hyl ene glycol was & fected in 20 substantially the
same nmanner as in Exanple 3, except that the volunme of the catal yst phase

in the reactor y&spBoilcolilttn VOIWHE pllacele 1AHE 20gadl Cegtfiismt\agpe60 nl,
and the V/F value of THE in the reactor was 13 hours. Wth respect to the

produced pol yoxyfeiésia Réat@d hint ene «gllyeelth thenbdibes &verepe 0wl ekel ar
wei ght 70 was 1055; the nol ecul ar weight distribution was 1.8; and the

content of high epgetahartyes ghladXl Masmelgedphed wies dn Bldédnhaweidgbt. The
het er opol yaci d content of the produced poly- 5 oxytetranethylene glycol was
adjusted in the shhkathom oelums {nurbeanpife theorbeiedy midiaa NP IRTME The
het er opol yacid content of the PTMG was 690 ppb by weight. Further, the
PTMG obt aisned byThelj ebtahg imethdeiggrdpalty dype foastkwanfsdbifected to
pol yoxyt et ranet hyl ene 10 gl ycol was anal yzed by GPC. The results are shown
in Table 4. distillation under atmospheric pressure with stirring
to thereby remove THF in the eluate. The residual so-
lution in the flask was transferred to a 300 ml separa-
tion funnel used as third, phase-separation vessel 9.
i0 In third, phase-separation vessel 9, the solution was
allowed to separate into two phases, namely a phase
containing polyoxytetramethvlene glycol as a main com-
ponent and a phase containing n-octane (S) as a main
component. The lower phase {(approximately 30 g) con-
15 taining polyoxytetramethylene glycol was taken out from
third, phase-separation vessel 9 and subjected to vac-
uum distillation in vacuum distillation vessel 10 for
20 minutes at 100 °C under a reduced pressure of not
more than 0.1 Torr. Low-boiling point substances
20 (LBPS), such as n-octane, THF and oligomers, were dis-
tilled off to thereby obtain PTMG. The obtained PIMG
was approximately 23 g.
The number average molecular weight (Mn) and the

molecular weight distribution {(Mw/Mn)} of the obtained

25 PTMG was determined by GPC under the conditions men-



Exanpl e 5 The operation for produci ng pol yoxytetranet hyl ene 15 glycol was
effected in substantially the sane manner as in Exanple 3, except that 200
m of a phosphonol ybdic acid solution having a specific gravity of 1.8 was
used as a catalyst solution, the volune of the THE organic phase in the
reactor was 220 ml, the V/F value of THE 2Q_in the reactor was 10 hours,
and the P/V value of the reactor was 2.2 BWnB. Wth respect to the
produced pol yoxytetranethyl ene glycol, the nunber average no- |ecul ar

wei ght was 1300;tildeedrdreddlear (W8I ghbvdi stThebwrestiias aas dhdwn atrd Tehe
content of high nolecular weight 25 PTMG nol ecul es was 3.98 % by weight. 71

The het er opol yadile: dont #he hétéhepglwchickd sidlicodapgetianatihd) exmn-gl ycol
was adjusted in the sane man- ner as in Exanple 1, thereby obtaining PTMG

The het eropol yawind cdnttdist obitatihed PFREE: wass 480t gapblied DywehghmetRodt her ,
the PTMS obtained by adjusting the heteropolyacid content of the
pol yoxyt et r anet Hidssns. befl yicoliteas (Ahabbheed. byf'hePBetenoppéyatid eore- shown in
Tabl e 4. 10 Conparative Exanple 1 A pol yoxytetranethylene glycol having a
br oader %ol ecult@antwgifghthed PEMG basi A0t b Phareithtt.he PTMG produced in
Exanmpl e 4 was produced in the following manner. The operation for
produci ng a pol yoxytetra
Example 2
PTMG having a narrower molecular weight distribu-
tion than that of the PTMG produced in Example 1 was
10 produced in the following manner. The operation for
producing polyoxytetramethylene glycol was effected in
the same manner as in Example 1. except that the amount
of the silicotungstic acid solution (catalyst solution)
charged intco the reactor was increased by 50 ml without
15 changing the total volume of the liquid in reactor 2
{thus, the amount of THF charged into the reactor was
decreased to 260 ml) and the feeding rate of THF was
42 ml/hour. In addition, the V/F value of THF in the
reactor was changed from 15 hours to 10 hours. The P/V
20 value of the reactor was 2.0 kW/m® which was the same
as that of Example 1.
With respect to the produced polyoxyietramethylene
glycol, the number average molecular weight was 1940;

the molecular weight distribution was 1.65; and the

25 content of high molecular weighi PTMG molecules was



15 net hyl ene glycol was effected in substantially the sanme nmanner as in
Exanpl e 4, except that the P/V value was decreased to 1.2 kWnB8. Wth
respect to the produced polyoxytetranethylene glycol, the nunber average
no- | ecul ar weight was 1295; the nol ecul ar weight distribu 20 tion was
1.85; and the content of high nolecul ar mei%ht pol yoxyt et r amet hyl ene

gl ycol nolecules was 4.8 %by weight. The®Beteropol yacid content of the
produced poly- oxytetranethyl ene glycol was adjusted in the sane man- 25

ner as in Exanple dig $The; RRLQmANO! yosh deret efivel tlheid2unassstdant
pol yoxyt et ranet hyl ene gl ycol was 590 ppb by weight. Further, the

pol yoxyt et r anet yHatnerl yedlecaiflart geighe adéusiv@ntorolof ke phayergpol yaci d
content was analyzed by GPC. The results are shown in Table 4. 5 Exanpl es

6 to 10 and ConpastaddanvetiiXanme el cbiEcansbe ohyreswere dritdiond @hanging
phosphot ungstic acid solution having a specific gravity of 2.07 as a cata-
| yst sol ution. Spexirfumtsd wverageopeiatubar fwsighodierkdfi,nhpy de-
pol yoxyt et ranet hyl ene gl ycol was effected in sub- stantially the sane
manner as5i n ExamEasilg edeepl/Ft vatluet b€ TEAci®n orhe aredictioans shown i n
Tables 2 and 3 were enployed. In addition, the volune (V) of the liquid in
the reactor was mai ntiiendetaropdyatidnlisibhecdmpdisigclaoidlecoptenter was
controlled so as to maintain the

of the produced polyoxytetramethylene glycol was ad-

justed in the same manner as in Example 1, thereby ob-

taining PITMG. The heteropolvacid content of the PITMG

10 was 230 ppb by weight. Further, the PTMG obtained by
adjusting the heteropolyacid content of the polyoxy-
tetramethylene glycol was analyzed by GPC. The resulis

are shown in Table 4.

15 Example 3
The operation for producing polvoxytetramethylene

glycol was effected in substantially the same manner as
in Example 1, except that 80 ml of a phosphomolybdic
acid soclution 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
?n the reactor was 10 hours, and the feeding rate of
water was controlled so as to maintain the specific

gravity of the aqueous THF/catalyst phase in the reac-

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



specific gravity of the aqueous THE/ catal yst phase at 2.07. In order to
el ucidate the correl ati on between the nolecular weight distribution and
the VIF value of THE 20 in the reactor, in Exanples 6 to 8, polyoxytetra
met hyl ene gl ycol s were produced under the reaction con- ditions where the
P/V value was fixed at 1.95 kWnB. Wth respect to other reaction
conditions, the condi- tions shown in Tabl %2 were enpl oyed. The nunber
aver 25 age nol ecul ar weights and the nol ecul ar weight dis 73 tributions

of the produced pol ygx ég§% yhen |y ' C. The
results are shown inQ%¥g§%£ .E#hgghg?gr%%%?3%%?gﬁ?§%é p 5?3%%???¥eg§id)
contents 5 of th& qy0dugrd :ﬁﬂr;}a\eégi)é‘irt%%&%%@y EREad YOS Rl 1%_?_&3 ust ed

in the same manner as in Exanp efeby ob- talning PTMG s.

het er opol yaci d cay 5146 1IRENCaS s@PE B PESh | Pa XM L Be8 Were 260
ppb, 310 ppb and 220 ppb by melé%t, respectively. Further, each 10 PTM5

obtai ned by adj usdritkht her Nt eRAlevatiad seNEROtPTME Mdicules was
pol yoxyt et ranmet hyl ene gl ycol. was anal yzed by GPC. The results are shown
in Table §. Table 35 d%ywaldightVol ume of the Feeding of the

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

25 methylene glycol, the number average molecular weight



Reaction Hetero liquid rate of condi- - in the THF. VjF cata tions polyacid
reactor: F (H) lyst Mh MV M V (m/H) phase (mM) (m) Phospho Ex. 6
tungstic 420 64 6.6 180 1810 1.60 acid Ex. 7 ditto 420 42 10 120 1800 1.69
Ex. 8 ditto 420 -[77278J 15 80 1805 1.79 Fig. 2 is a chromatogram of the
PTMS produced in Exanple 6 (PTMG obtai ned by adjusting the heteropoly- acid
content of the pol yoxytetramethyl ene gl ycol)® which 20 shows the nol ecul ar
wei ght distribution of the PTMG 74 1In Fig. 2, the abscissa shows the

|l ogarithm (1 og) wis 1d®spotiesuhdleoBiathveibhe aidtpober soWad he suei ght %
of conponent PTMG nol ecul e, based on the total weight of all PTMs

mol ecul es; and tdamdithercectémn of Hi welebullkeake s§ei mIMG hicikeulkisne and
t he absci ssa shows the |logarithmof the nunber average nol ecul ar wei ght.
The area of a heshed$potthwwasigts t he amount of the PTMG nol ecul es
havi ng nol ecul ar weights (Mv = 10860; log Mv = 4.04), which are at | east
six tinmes as | arge asThéerdiermpdigrcidecagtendl et utlze pwidyitted Moly-1810;
log v\n = 3.26) of all PTMG nol ecules. The ratio of the area of the
hat ched pértion ¥y t¢ieramne tiykenn gifycoiewpeakdjested in the same man-

ner as in Example 1, thereby obtaining PTMG. The

heteropolyacid content of the PTMG was 690 ppb by

welight. Further, the PTMG obtained by adjusting the

heteropolyacid content of the polyoxytetramethylene

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

Table 4.

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

25 PTMG molecules was 3.98 % by weight.



2.29 % Next, in order to elucidate the correlation be- 15 tween the

nol ecul ar wei ght distribution and the P/V value applied to the liquid in
the reactor, in Conpara- tive Exanple 2 and Exanples 9 and 10,

pol yoxytetra- nethylene glycols were produced under the reaction con-
ditions in which the V/F value and the volune of the 20 catal yst phase were
fixed at 9 hours and 133.3 ml, re- spectivélly. Wth respect to other
reaction conditions, the conditions shown in Table 3 were enployed. The

nunber average nol ecubd W& HNpARACLRC cBREEAY! 8F tMEI S aulied Koyt on of
t he produced pol yoxytetra 25 nethylene glycols were determ ned. The results

are 75 shown i nodebherdne thiiel il Q19RR1Y #8kda890E 8848 S19f tAd & aMeOaiaged pol y-
oxyt etranet hyl ene gl ycols were adjusted in the sane manner as in Exanple

1. The heteropol yg€i s CONt e 15 theredyubbantnpel yourwt et raget hyl ene
gl ycol s produced in Conparative Exanple 2 and Exanples 9 and 10 were 330

ppb, 280 ppb andhef@r@pdlPycikighiitentesfechieVeirc koS -43heipd thye
pol yoxyt et ranet hyl ene gl ycol s obtained after adjusting the heteropolyacid
contents were ametjgiet. byruk@h@&RC. thbePrMs ubb sabied dhowdjustiabl €hd. Tabl e
3 Volunme Motive power of the applied to

heteropolyacid content of the polyoxytetramethylene

glycol was analyzed by GPC. The results are shown in

Table 4.

10 Comparative Example 1

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

15 methylene glycol was effected in substantially the same
manner asg in Example 4, except that the P/V value was
decreased to 1.2 ijm3. With respect to the produced
polyoxytetramethylene glycol, the number average mo-
lecular weight was 1295; the molecular weight distribu-

20 tion was 1.85; and the content of high molecular weight
polyoxytetramethylene glycel molecules was 4.8 ¥ by
yeight.

The heteropelyacid content ¢f the produced poly-
oxytetramethvlene glycol was adjusted in the same man-

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



Reaction liquid the liquid condi Hetero- in the in the P/V v\n MV Mh tions
pol yacid reactor: reactor: (kWr3) VP (m) (rW Conp. Phospho Ex. 2
tungstic 420 462 1.1 1800 1.91 acid Ex. 9 ditto 420 756 1.8 1800 1.71 Ex.
10 ditto 420 1092 2.6 1805 1.62 15 The followi ng fornulae (5) and (6)
showi ng the correla tion between the nol ecul ar wei ght distribution (Mwv M)
and the retention tine (V/F) of THE and thd2nmotive power (P/V) applied to
the liquid per unit volume of the reactor were obtained fromthe results
shown in Ta 76 riss tArandodyobdkMiramdtRdiend \Yiycd: 14 65h p/ M = 1.95
x (P/V)-0.210 (6) 5 Exanple 11 The operation for producing

pol yoxyt et r anet kydigne: . gFueehenastied fmstwrekyitvetsehstagibabl y1 861 sepe manner
as in Exanple 2, except that 180 ml of a phosphotungstic acid solution
havi ng a speci f itexgrens tadjefsthel® vEStRO hsEskaoByAldlcpatesd! whson, the
feeding rate of THE was 100 ml /hour, the V/F value of THE in the reactor
was 4.2 hours, tdmalR2&d/dyuEPaf. tTies resoildrs wae 2hdwn in Table 4.

5

Examples & to 10 and Comparative Example 2

THF was polymerized using a phosphotungstic acid
sclution having a specific gravity of 2.07 as a cata-
lyst 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 liquid in
the reactor was maintained at 420 ml and the feeding

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

In order to elucidate the correlation between the
molecular weight distribution and the V/F value of THF

20 in the reactor, in Examples 6 to 8, polyoxytetra-
methylene glycols were produced under the reaction con-
?itions where the P/V value was fixed at 1.85 kW/m3.
With respect to other reaction conditions, the condi-
tions shown in Table 2 were employed. The number aver-

25 age molecular weights and the molecular weight dis-



kWn8, and the volunme of the THE organic phase was 240 ml. Wth respect to
t he produced pol yoxytetranet hyl ene 15 glycol, the nunber average nol ecul ar
wei ght was 852; the nol ecul ar wei ght distribution was 1.68; and the
content of high nol ecul ar wei ght PTMG nol ecul es was 4.35 % by wei ght.
Further, the heteropolyacid content of the pro- 20 duced

pol yoxyt et ranmet hyl ene gl ycol was adjusted i78 the sanme nanner as in Exanple
1, thereby obtaining PTMG The heteropol yacid content of the PTMs was 590

bpb by wei ght . Fuilfond Rt REMCHOBgLEROpbYyS8Y tstdif iy enebayopol yaci d

content of the polyoxytetranethyl éne 25 glycol was anal yzed by The
results are Sho%biél welre -@Heerﬁneahﬁyvésﬁéos'ﬁbé HesBiVe a&edgﬁsﬁnlmeach of
Exanples 1 to 11 and Conparative Exanples 1 and 2 was determ ned 5 by
E-type visconet efgpieles, the conditions nentioned in item (2) above. The
viscosities of the PTMGs are shown in Tables 4 and 5 together with other

char act er -

i stics.

78rhel afdte rbplor.
Catal yst Silicotung- Phosphonolyb

a

abtd Bhofphotngd¥i acill)2 cdndehtEX.
ic acid stic acid

5 of the produced polyoxvtetramethylene glycols were ad-
justed in the same manner as in Example 1, thereby ob-
taining PTMG’'s. The heteropolyacid contents of the
PTMG’'s obtained in Examples 6 to 8 were 260 ppb, 310
ppb and 220 ppb by weight, respectively. Further, each

10 PTMG obtained by adjusting the heteropolyacid content
of the polyvoxytetramethylene glycol was analyzed by GPC.
The results are shown in Table 5.
Table 2
15
Volume
of the |[Feeding gglgﬁg
Reaction liguid rate of
N - | Betero- . . V/F cata-
zgzg;— polvacid §§a§2§r= THF% {Hr} | lyst Mn | Mw/Mn
v (ml/Hr) ?ﬁaﬁﬁ
(m1) "
Phospho-
Ex. 6 tungstic 420 64 6.6 1890 1810 | 1.60
acid
Ex. 7 ditto 420 42 i0 120 1800 | 1.69
Ex. 8 ditto 420 28 i5 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
20 shows the molecular weight distribution of the PTMG.




Specific gravity of the 2.1 2.1 1.8 1.8 1.8 1.8 catalyst solution Vol une
of the liquid in 420 420 420 420 420 420 the reactor: V (m) Volunme of the
catal yst 110 160 80 60 200 200 phase (m) Vol une of the THE organi c 310
260 340 360 220 220 phase (m ) Reaction tenperature 60 60 60 60 60 60

C) Feeding rate of THF: F 28 42 42 32.3 42 42 (m/H) V/IF (H) 15 10 10 13
10 10 P/V (KkWnB) 2 2 2.3 2.3 2.2 1.2 M72940 1940 1060 1055 1300 1295
Before adjust- MVMh 1.8 1.65 1.7 1.8 1.7 1.85 nent of Content of | poyac

high nmol ecul ar ngd gl ght %M%s%1%3888ﬂ0§§ thd4 a?c%.ﬁu@ 16Nt ept
nol ecul es*) (% by weight)” Heteropolyacid content 300 230 60 690 450 590

(ppb by wei ght) éﬂé%1&%1&&&%t22§h§33r§§@a@15m the weight %

of component PTMG molecule, based on the total weight
of all PTMG molecules:; and the intersection of the ver-
5 tical straight broken line and the abscissa shows the
logarithm of the number average molecular weight. The
area of a hatched portion shows the amount of the PTMG
molecules having molecular weights (Mw = 10860; log Mw
= 4.04), which are at least six times as large as the

10 number average molecular weight (Mn = 1810; log Mn =
3.26) of all PTMG molecules. The ratioc of the area of
the hatched portion to the total area of the peak is
2.29 %.

Next, in order to elucidate the correlation be-

15 tween the molecular weight distribution and the P/V
value applied to the ligquid in the reactor, in Compara-
tive Example 2 and Examples 9 and 10, polyoxytetra-
methylene glycols were produced under the reaction 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 conditions,
the conditions shown in Table 3 were employed. The
number average molecular weight and the molecular
weight distribution of the produced polyoxytetra-

25 methylene glycols were determined. The results are



After adjust- M 1960 1950 1070 1060 1310 1300 nent of polyac hetero - id
MV M 1.79 1.65 1.7 1.8 1.68 1.85 olyac content Content of high ol ecul ar
wei ght PTMG 4.0 2.90 4.36 4.95 3.80 4.85 nolecules*a ( by weight) *) High
nol ecul ar wei ght PTMG nol ecul es are defined as PTMG no- | ecul es having

nmol ecul ar wei ghts which are at least six times as |arge as the nunber
average nol ecul ar weight of all PTMG nol eclR es. 79 Table 5 Ex. Ex. Ex.
Conmp. Ex. Ex. Ex. 6 7 8 Ex. 2 9 1Q 11 Catalyst Phosphotungstic acid
Specific gravitysbbwbhencashlgss. solution 2.07 2.07 2.07 2.07 2.07 2.07
1.80 Volunme of the liquid in 420 420 420 420 420 420 420 the reactor: V
(m) Vol unme of the cafla¢ybeteropolyacid contents of the produced poly-

oxytetramethylene glycols were adjusted in the same

manner as in Example 1. The heteropolvacid contents of

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

ther, the polyoxytetramethylene glycols obtained after

adjusting the heteropolyacid contents were analyzed by

10 GPC. The results are shown in Table 5.
Table 3
Volume Motive power
of the applied to
liguid the liguid
giggzion Hetero- in the in the B/V Mn Mw/Mn
tions polyacid | reactor: | reactor: {(kW/m>)
v P
{ml) {mW)
Phospho-
g;mpé tungstic 420 462 1.1 | 1800 1.91
¢ acid
Bx. 9 ditto 420 756 1.8 18001 1.71
BEx. 10 ditto 420 1092 2.6 1865 | 1.62
i5 The following formulae (5) and (6) showing the correla-

tion between the molecular weight distribution (Mw/Mn)

and the retention time (V/F) of THF and the motive

power (P/V) applied to the liquid per unit volume of

the reactor were obtailned from the results shown in Ta-




phase (nl) 180 120 80 133.3 133.3 133.3 180 Volune of the THE 240 300 340
286.7 286.7 286.7 240 organic phase (mM) Reaction tenperature 60 60 60 60
60 60 60 ( C) Feeding rate of THF: F 64 42 28 28 46.7 46.7 100 (m/Hr)
VIF (H) 6.5625 10 15 9 9 9 4.2 P/V (kWnB8) 1.95 1.95 1.95 1.1 1.8 2.6 2.1
Mh 1810 1800 1805 1800 1800 1805 852 Before adjust- MM Vn 1.6 1.69 1.79
1.91 1.71 1.62 1.68 neat of Content of p-Hiégh nol ecul ar polyacid nte

wei ght PTMG 2.29 3.05 3.89 4.73 3.24 2.89 4.35 content nol ecul es*) (% by
wei ght) Heropolysagd & Laptent 270 310 220 330 280 270 590 (ppb by weight)
After Viscosity (cP) 638 698 761 838 695 638 242 adjust- M1 1800 1810 1820
1800 1795 1820 856 f. hetgr Q- @aded MV Mh 1.6 1 1.78 1.90 1.7
1.60 1.66 content Cgﬁﬂgﬁg op"ﬁﬁb% ég?gzular (5P

Mw/Mn = 1.95 x (p/v) 0210 (6)
5 Example 11
The operation for producing polyoxytetramethylene

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

i0 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 weight.

Further, the heteropclyacid content of the pro-

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

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



wei ght PTMG 2.28 3.00 3.80 4.81 3.19 2.70 4.45 nol ecul es*) (% by wei ght)
*) H4gh 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 tinmes as large as the
number average nol ecul ar weight of all PTMG nol ecul es. 80 Exanple 12 Using
the reaction conditions of Exanple 6, a polynerization operation was
continuously performed for 50 hours, ther&hly obtaining 1.25 kg of a

pol yoxytetra 5 met hyl ene gl ycol concentrate in which a THE concentra- tion
has been adj usted}Q 45 to 50 % by weight. The ‘polyoxytetranethylene

gl ycol concentrate was subjected to vacuumdistillation in a vacuum
distillation vessel at 60 C under a reduced pressure of not nore than 1 10
Torr to distill off |lowboiling point substances (such as THF), thereby

obtai ni ng pol yoxyt et iyEet/1uleRs cgl ¥ Obmuc Widui@spast duent be Skuired

pol yoxyt et ranet hyl ene gly- col he nunber” average nol ecul ar wei ght was

1810; the nol equly MeIHH cyn@h&-&a@%éoaxmﬁlés 6 e o %scaat@mnl&a of

hi gh ol ecul ar wei ght pol yoxyt et ramnet hyl ene gl ycol nol ecules (the

mol ecul ess havi NGy -a64eA Ry 1WRIcHRESrWIHh8Er B8 @dnd BAYnsSinenthioRedasn | arge
as the nunber average nolecular weight of all polyoxytetranethyl ene glycol

mol ecul es) was Zi.tZh %2y aviveht . THEevpstostieat vd 20enerhg! energl ycol was
subj ected to the foll owi ng opera-

shown in Tables 4 and 5 together with other character-

istics.



tions for adjusting the content of the residual hetero- polyacid catalyst.
To 550 g of the pol yoxytetranethylene glycol were added 400 g of THF, 2 ¢
of water and 1500 g of n-octane, 25 and the resultant m xture was stirred
vigorously for 10 81 mnutes at roomtenperature. Subsequently, the

m xture was allowed to stand still for 1 hour to thereby sepa- rate the

m xture into a | ower catal yst phase containgng phosphotungstic acid and
upper organi c phases. After 5 elimnating the | owernost catal yst phase, the
organi ¢ phases (contai ning pol yoxytetranet hyl ene glycol, THF, water and
n-octane) were transferred to a vessel @adl804 g of an activated carbon was
added thereto, followed by stirring at 40 C for 15 mnutes. The actjyated
carbon 10 was tenoved by filtration ysErg A ¥mmir &e filkk.er], Ext hpfasly
obt ai ni ng 2420{g of a solution contailni hg 63& g | of pbl voxytePrafh®t ¥I ene
glycol, 390 g ¢of THF and 1500 g of r s?ﬂ Qng- Hal f the anount (i.e 1210
g) of the obtai fetrlyst 15 | uti on was |kesd ggmn 4 WeRheFPheRPhYNGAS fcaf ned at
100 C to therebyv.distill off a nart lof THF contlained-in the solutior

Next, the sol uf Fﬁ"{gi@ég gﬁﬁ@%aft%‘estana.ls 241 t|o 1t he ebyp depasd af el 8hd

solution into t ) e yiga—pot UAyLCLTcucthy ene iﬁzgi phase and
an n 20 octane mh@.&&ac’&ﬂd v h@1vpper n- 482 t hrik20 pHadé® was*® i|ni*2% npt 8. [The

remai ni ng | ower gbirtpox tiaerentslyst end ghy-| 140 80 60 200 | 200

ase {(ml)
;;;:‘;‘e(;;}the THF organic | 5149 | 260 | 340 | 360 | 220 | 220
??g?tion temperature 60 60 60 60 60 60
E{I‘fg%ﬁ rate of THF: F 28 42 42 | 32.3 | a2 42
V/FP {(Hr} 15 10 10 13 10 10
P/V {(kW/m®) 2 2 2.3 2.3 2.2 1.2
Mn 1940 ie40 1060 1055 1300 1295
Before
adjust- Mw/Mn 1.8 1.65 1.7 1.8 1.7 1.85
ﬁg?grgf Content of
polyacid high melecular
content weight PTMG 4.1 2.98 4.35 4.94 3.98 4.8
molecules®!
{3 by weight)
Heteropolyacid
content 300 230 600 690 450 590
{ppb by weight)
After Viscosity {cP} 836 725 332 356 451 510
ggggs; Mn 1960 | 1950 | 1070 | 1660 | 1310 | 1300
het -
polyacid |Mw/Mn 1.79 | 1.65 | 1.7 | 1.8 | 1.68 | 1.85
content Content of
high molecular
welght PIMG 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 tlimes

as large as the number average molecular weight of all PTMG
molecules,



col 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) were distilled off
to thereby obtain 256 25 g of PTMG 82 Wth respect to the obtained PTM5
t he nunber av erage nol ecul ar wei ght was 1800; the nol ecul ar wei ght
distribution was 1.6; and the content of high nolecular weight PTMG

mol ecul es (the nol ecul es havi ng nol ecul ar 57%ei ghts which are at |east six
times as large as the nunber average nol ecul ar wei ght of all PTMG

nol ecul es) was 2.28 % by wei ght. The het eropal yacid content of the PTMG
was 270 ppb. 10 Exanple 13 Using the r ed@6n Scondi ti ons of Exanpl e 11, a
pol yneri zat jen—eperati-on—was—econ inuoch.Fy perforned for 150 hours_thereby
obtaining 1. 2 kg of pol yoxytetra ne ¢aP™RzoncEnt rlat™d: i n ich a
THE concgnt %ﬁmw %n 4 ?/r\gﬁfl}&io/rI %:ua pQ 0yn yE(fTI

t et ramet hyl gteagiysgtcol concentrat ¢ was subj effo@ehdt@nydGe déygmn di stillatjon in

a vacuum di s¢is £e5Se ik 50 G unde;-a—piduced_pmssum of —noti nore
than 1 Torr| d@a1$H+S bi ti&r,? I"OW bJA-PY Nk 9681 r&. 0B Ybstoancesol quetnias 1THE) , 20
t her eby obt [@dlizRg EOtHO XY & Elar THE h%iele4%%ybui. Wt respgct—torthe

obt ai ned pol hexyeasteamdt kyllene gl yed | g fitfet2hveritde |mSP-CUIP Wei ght
was 852; thelyre |¥ctrnraimirght (i sdoi[busd 4n ewas 133 68) 19d (1S, 5 N8N
Volume of the THF
crganic phase {ml)
Reaction temperature

240 300 340 | 286.7 | 286.7 | 286.7 | 240

{°C) 60 60 60 60 60 60 60
Feeding rate of THF: F
(ml/Hr? 64 42 28 28 46.7 46.7 100
V/F (Hr) 6.5625 | 10 15 9 9 g 4.2
BP/V (kW/m®) 1.95 | 1.95)1.95 1.1 1.8 2.6 2.1
Mn 1810 | 1800 | 1805 | 1800 1800 1805 852
Before
adjust- | Mw/Mn 1.6 1.69]11.79| 1.91 1.71 1.62 | 1.68
ment of
hetero- Content of
polyacid high molecular
content |Weight PTMG 2.29 | 3.05|3.89| 4.73 | 3.24 | 2.89 |4.35
molecules*’
{% by weight}
Heropolyacid
content 270 3190 220 330 280 270 580
{pph by weight)
After Viscosity {cP) 638 698 781 838 695 638 242
adjust- M
ment of n 1800 | 1810 1820 | 1800 1795 1820 856
hetero-
polyacid Mw/Mn 1.6 1.68 ] 1.78 1.90 1.7 1.60 1.66
content Content of
high molecular
weight PTMG 2.28 | 3.00(3.80 4.81 3.19% 2.70 | 4.45
molecules*’
{% by weight)}

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



of high nol ecul ar wei ght pol yoxytetranethyl ene gl ycol 25 nol ecules (the
nol ecul es havi ng nol ecul ar wei ghts which 83 are at |least six tinmes as

| arge as the nunber average nolecular weight of all pol yoxytetramethyl ene
gl ycol nolecules) was 4.35 % by weight. The heteropol yacid content of the
pol yoxytetra 5 met hyl ene gl ycol was adjusted in the same manner as in
Exanpl e 12, thereby obtaining PTMG Wth red&pect to the obtai ned PTM5 the
nunber av- erage nol ecul ar wei ght was 856; the nol ecul ar wei ght

di stribution wasgtafpleand the content of high nolecu 10 | ar wei ght PTMG
havi ng nol ecul ar weights which are at |least six tines as |large as the
number average nol ecudsiag ke ghdacEiont cbnditbynvebghkxanpee et ef opol yaci d
content of PTMG was 590 ppb. 15 (Heat resistance test of PTM3 Test

Exanpl es 1 to llpdaymenizaaipheopeatayiodon efasamenlyihabasiyyperBolmas fioxg

di fferent nunber average nol ecul ar wei ghts, nolecu- |ar weight

di stributions, dbffboens,cbhéeaby aftdiirgng?( .28 &gubfr avwes vz FldlEa -

nol ecul es (the nol ecul es having nolecular weights which are at | east six
times as Barge @asthihdenanbdycalecenpenintadeuliar whechha TEF abdndemMa-

nol ecul es), and different heteropolyacid contents, were subjected to TGA
anal ysi s under nfipbgbasabeeBphadiested 15 45hdoeb¢ Beb¥rweheht he The

tenperatures at which the weights
polyoxytetramethylene glycol concentrate was subjected

to vacuum distillation in a wvacuum distillation vessel
at 60 °C under a reduced pressure of not more than 1

i0 Torr to distill off low-boiling point substances (such
as THF), thereby obtaining polyoxytetramethylene glycol.
With respect to the obtained polvoxytetramethylene gly-
col, the number average molecular weight was 1810; the
molecular weight distribution was 1.6; and the content

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

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

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

25 and the resultant mixture was stirred vigorously for 10



84 of sanple pol yoxytetranethyl ene glycols were reduced by 5 % (i.e., 5
W % reduction tenperature). The results of the TGA analysis are shown in
Table 6 together with the viscosity of sanple pol yoxytetranethyl ene
glycols. 5 Sanpl e pol yoxytetranethyl ene glycol used in Test Exanple |I was
PTMS produced in Exanple 13 and sanple pol yoxytetramethyl ene gl ycol used
In Test Exanple 2 was PTMS produced in Ex&liple 12. Sanpl e pol yoxytetra-
nmet hyl ene gl ycols used in Test Exanples 3 and 4 were 10 manufactured and

sol d by BASF AGniGaitE ¥t SHtR echpbyataxy! eiSuseighgheny, gteahsxtused in
Test Exanples 5 and 6 were manufactured and sold by Du Pont, USA; sanple

pol yoxyt et r anet hydenel @wedlts wredd stiedt féxamtass o thiheFelyr eepa-
manuf act ured and sold by Hodogaya Chemical 15 Co., Ltd., Japan; and sanple
pol yoxyt et r anet hydednetigd ynixaire Used anldest Extadyss pi@sendobladeieg

manuf actured and sold by M tsubishi Chem cal Corporation, Japan. 85 O N
d-1 NP d) VI -~eptiosphdtung@idcacidepntl wppbr! organid phdses.H AEHIN CY) OO

oet N 5 eliminating the lowermost catalyst phase, the organic
phases (containing polyoxytetramethylene glycol, THF,
water and n-octane) were transferred to a vessel and 80
g of an activated carbon was added thereto, followed by
stirring at 40 °C for 15 minutes. The activated carbon
i0 was removed by filtration using a membrane filter,
thereby obtaining 2420 g of a solution containing 530 g
of polyoxytetramethylene glycol, 390 g of THF and 1500
g of n-octane.
Half the amount (i.e., 1210 g) of the obtained so-
15 lution was heated in a water bath maintained at 100 °C
to thereby distill off a part of THF contained in the
solution. Next, the solution was allowed to stand
still to thereby separate the solufion into two phases,
namely a polyoxytetramethylene glycol 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~octane) were distilled off to thereby obtain 256

25 g of PTMG.
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With respect to the cobtained PTMG, the number av-
erage molecular weight was 1800; the molecular weight
distribution was 1.6; and the content of high molecular
weight PTMG molecules (the molecules having molecular

5 weights which are at least six times as large as the
number average molecular weight of all PTMG molecules)
was 2.28 % by weight. The heteropolyacid content of

the PTMG was 270 ppb.

io Example 13
Using the reaction conditions of Example 11, a

polymerization operation was continuously performed for
150 hours, thereby obtaining 1.2 kg of polyoxytetra-
methylene glycol concentrate in which a THF concentra-

15 tion has been adjusted to 45 to 50 %. The polvoxy-
tetramethylene glycol concentrate was subjected to vac-
uum distillation in a vacuum distillation vessel at 60
°C under a reduced pressure of not more than 1 Torr to
distill off low-boiling point substances (such as THF},

20 thereby obtaining polyoxytetramethylene glycol. With
respect to the obtalined polyoxvtetramethylene glycol,
Fhe number average molecular weight was 852; the mo-
lecular weight distribution was 1.68; and the content
of high melecular weight polyoxytetramethylene glycol

25 molecules {(the molecules having molecular weights which
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are at least six times as large as the number average
molecular weight of all polyoxytetramethylene glycol
molecules) was 4.35 % by weight.

The heteropolyacid content of the polyoxytetra-

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

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

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

content of PTMG was 590 ppb.

15 {Beat resistance test of PTMG)

Test Examples 1 to 11

Various sample polyoxytetramethylene glvcels 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 weights
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4-)0 4-t 0iJt~C90) O 0 d,Ab) it 0Sdt bO4-J V NtDto .-{ as
rt Wri bbU{dtolto 'CS'C ~ ori : dPtDOWtDCDrj to O ri W
rt ~-.o--.0a. raa 0- x lo- Wi,'-d 9~-> 86 As apparent from Table 6
above, the PTMG s of the present invention (Test Exanples 1 and 2) which
have not only a nolecul ar weight distribution of 1.8 or less and a
content of high nolecular weight PTMS nol e84l es 5 (PTMS nol ecul es havi ng
nol ecul ar wei ghts which are at least six tines as |large as the nunber

average nol ecu- dfarsangii@htpolfy oyt ot T e BBy BERE eFllyddls? Wedred rédhyedebght ,
but al so a heteropol yacid content of from 10 to 900 ppb by weight, exhibit

hi gher heat resisstsange d.has e iceaqlftyent tansd rainexyt eheapesliytene
glycols used in Test Exanples 3 to 11 which do not satisfy all of the

char- acteristi e redguiTad dneilvishe presshdwhn nretable &lazigefhempveshl? to
14 15 Three sanpl e pol yoxytetranet hyl ene gl ycols having different nunber

aver age nol ecul drhaneiigdticssitof foffe samplenpbiyokgte twangithydiester idiytodas,
different contents of high nolecular wei ght PTMG nol ecul es and different
het - eropdl yaci d contSempsevpod youjtetrametiovherse glegicslt axsed 120Teebt at 120
O C. Each of sanpl e pol yoxytetranethyl ene glycols shown in Table 7 was
tested as fol | oixamgiley lofvas FiMpopyodueed abmt Bxdrene gldy @sid wasppkaced in

an autocl ave
polyvoxytetramethylene glvecol used in Test Example 2 was

PTMG produced in Example 12. Sample polyvoxyietra-
methylene glycols used in Test Examples 3 and 4 were

10 manufactured and scld by BASF AG, Germany; sample poly-
oxytetramethylene glycols used in Tesit Examples 5 and 6
were manufactured and sold by Du Pont, USA; sample
polyoxytetramethylene glycols used in Test Examples 7
to 9 were manufactured and sold by Hodogava Chemical

15 Co., Ltd., Japan; and sample polyoxytetramethylene gly-
cols used in Test Examples 10 and 11 were manufactured

and sold by Mitsubishi Chemical Corporation, Japan.



equi pped with a pressure gauge. After replacing air 25 inside the autoclave
with nitrogen gas, the autoclave 87 was placed in an oil bath nmaintained
at 120 C for 13 hours. Then, the pressure inside the autoclave was de-
term ned by reading the pressure gauge. The autoclave was cooled to room
tenperature. Deterioration of sam5 ple polgéexyt etranet hyl ene gl ycol after
the heat resis- tance test was detected by aluating its chromaticity,
appearance (i.e., evaluation with naked eye), and the nunber average

nol ecul ar wei ght as mreasgred—by—RC—Fhe—+resuttsare—shown—+n—Table 7. 10
@
88 Table 7 Test Exappke [Test| Exanpl e dest Exanmpl ¢ 12 13 14 M (1800 1800
1930 Mw/ Mh 1. 60 1.6)m§'.:?4§ Gonfent of .high mobecyl ar snei ght & 28 2. 28 8. 32
PTMG nol ecul es (% by i dht | M8t ¢ropokyacil{d con{ent 270 288 200 (ppb by
wei ght) Results of reat
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resi stance test Internal pressure (kg/ cn2 G 0.22 0.32 0.30 Chromaticity
<10 30 20 (APHA) Bl ack sub Evaluation with No change stances were No
change naked eye floating in the PTM5 Mh after the heat 1760 1700 1820
resistance test 5 FromTable 7 it is understood that, in Test Exam ple 12
whi ch used the PTMG produced in Exanple 6, both the increase in the inner
pressure and the change in the nunber aveB&ge nol ecul ar wei ght of the PTMG
after the heat resistance test were snall because only a 10 snmall anount

of 1 ow boiling point mubfipaiess Weos U8H1e s adwshydy e rd¢rorpesgi than of
the PTMa The results of Test Exanple 12 are excellent over the results of

89 Test Exanpl eprebsdmihiinivermedd (FekyOrRybep1asel mEns wilivgohakavi ng a
het er opol yacid content of nore than 900 ppb by weight) and Test Exanple 14

(whi ch used a palyt oy ef muiRidullaen@efbitoliiStyimg: Bort @H ang of hiegh no 5
| ecul ar wei ght PTMG nol ecul es of nore than 5 % by weight). 90
and a content of high molecular weight PTMG molecules
5 {PTMG molecules having molecular weights which are at
least six times as large as the number average molecu-
lar weight of all PTMG molecules) of 2 to 5 % by weight,
but also a heteropolyacid content of from 10 to 900 ppb
by weight, exhibit higher heat resistance than the con-
10 ventional polyoxytetramethylene glycols used in Test

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

acteristics required for the present invention.

Test Examples 12 to 14

15 Three sample polyoxytetramethylene glycols having
different number average molecular weights, different
molecular weight distributions, different contents of
high molecular weight PTMG molecules and different het-
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



| 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 from 500
to 3000, a nol ecular weight distri 5 bution (Mv M) of 1.8 or less, a
content of high no- |ecular weight PTMS nol ecules of from2 to 5 % by

wei ght, wherein the high nol ecul ar wei ght PTMG nol ecu- | es are defined as
PTMG nol ecul es havi ng nol ecul ar wei ghts whBfch are at least six tinmes as

| arge as the 10 nunber average nol ecul ar wei ght of all PTMG nol ecul es, and
a het er opol yaci grazonileniedofinf aanpil bat®Ofaipieined wei g0, ° xfobi 13

i nproved properties with respect to heat resistance and | ow viscosity. By
virtue of these hdurgr.ovEHent oplee tpesgsurd iosliylec #hedevbopbsve iwas gfe-t he 15
PTMG during the storage be suppressed, but al so occur- rence of the thermnal
deconposi ti on duramg ridie hyolrgadirnygi the i pressure rgeohges .ngThécaPiMiaven be
suppressed. Therefore, the PTMs of the present invention can be ad

vant ageousl y usewd aogirdduei mgoa hegbepatios mabese2Oorabion cof is®d~ such
as a polyurethane urea elastic fi- ber having excellent physical and

chemi cal Proper tilss polygryiteirempihplenasyliycel miiteahdhg pskefesedisel astic

fiber. 91 CLAIM5S 1. A pol yoxytetranet hgl ene glycol (PTM3 having, the
fol | owi ng char adt@dssttiesd: was detected by evaluating its chromaticity,

appearance (i.e., evaluation with naked eye), and the
number average molecular weight as measured by GPC.
The results are shown in Table 7.

10



5 (1) a nunber average nol ecul ar weight of from500 to 3000; (2) a

mol ecul ar wei ght distribution of 1.8 or less in terns of the MV M rati o,
wherein Mv represents the weight average nol ecul ar wei ght of PTMG and Mh
repre 10 sents the nunber average nol ecul ar wei ght of PTM5 (3) a content
of high nol ecul ar weight PTM5G no- |ecules of from2 to 5 % by wei ght, based
on the total weight of all PTMG nol ecul es88wherein said high nolecu- |ar
wei ght PTMG nol ecul es are defined as PTMG nol ecul es 15 havi ng nol ecul ar

wei ghts which are at least six tinmes agabBs0p as the nunber average

nol ecul ar weight of all PTMS nol ecul es; and (4) a heteropol yaC| d content
of from10 to 90 |ght 20—2—THae YOX t-etr-afret-hyt-ene—ot )/CO|
according to claim1, which has 4 "5f 6’[‘%6 séhg"aﬂ%&lr’fﬁﬁ |1§?f“p? 1.7 or
| ess. 25 3. The polyoxytetranethyliene gl'ycol hccording t¢ | 11711 |
1111111111 1111 1{Mh 1111 ¢ L Ms 92 ciaom 1,| whi abedras a contszat of| hi gh
nol ecul ar wei ght —PHFMo—+reBlecut-es—a—2-0-—+06-—-3—b—Yby—werghtt—based—en t he
total weight of aMF/MTMG nol ecules. 5 3450The pol ydx?‘t etrcmethlyl"éne gl ycol
according to Content of high
molecular weight
PTMG molecules 2.28 2.28 8.32
{%¥ by weight)
Heteropolyacid
content 270 2880 200
{ppb by weight)
Results of heat
resistance test
Internal pressure
(kg/om* G) 6.22 0.32 0.30
Chromaticity
(APHA) <10 30 20
Black sub-
Bvaluation with stances were
naked eye No change floating in No change
the PTMG
Mn after the heat
resistance test 1760 1700 1820

[83]

From Table 7 it is understood that, in Test Exam-
ple 12 which used the PTMG produced in Example 6, both
the increase in the inner pressure and the change in
the number average molecular weight of the PTMG after
the heat resistance test were small because only a
10 ;mall amount of low-boiling peint substances were gen-

erated by the decomposition of the PTMG. The results

of Test Example 12 are excellent over the results of



claim 1, which has a heteropolyacid content of 30 to 800 ppb by weight. 5.
A net hod for producing the pol yoxytetranethylene 10 glycol (PTM5 of claim
1, which conprises subjecting tetrahydrofuran to a polynerization reaction
in a con- tinuous polynerization reactor with a stirrer in the presence of
a heteropol yacid catal yst, while feeding tetrahydrofuran to the continuous
pol yneri zation reac - 15 tor, said polyner@?ation reaction being
continuously performed in the presence of water, wherein said water 1is
present in an arasit Bxdnipled €E (whifobr msadt 8t péiyoxif tinait 1gf1@aRI C phase
and an aqueous tetrahydrofu 20 ran/catal yst phase which conprises a

sol ution of the gletak dpotiyaria hettealopsllyaoiad ¢&t ey domoran/thaneponi x-
ture and which has a specific gravity of from1.8 to 2.3, while

mai nt ai ni ng a V/igPlvdhwevestght b andl Z@stioBrampher b4 @fhich dgedpraepenys t he
volume (nB) of the liquid in said !'I'210i THILELErrrr2arll L Ms 93 reactor
and F represent ¥ trzane thiglensuglycblf beding a tedniznidrod righ mo-said
reactor so that the V/F value represents the retention tinme (hour or
hours) of5t et ra-lafkasr mwedlith RBIGI modecubes apfl e ethveed 1% & iyng a P/V 5

value at 1.3 kWor nore wherein P represents the notive
weight).



power (kW applied to the liquid in said reactor and V is as defined above
so that the P/V value represents the notive power (kWnB) applied to the
liquid per unit volume thereof, 10 to thereby obtain a polymerization
reaction mxture conprising a reaction-formed tetrahydrofuran organic
phase containing a pol yoxytetranethylene glycol having a nunber average
mol ecul ar wei ght of from 500 to 3,000 and9% reaction-forned agueous
tetrahydrofuran/catal yst 15 phase, separating said reaction-fornmed

tetrahydrofuran organic phase qRRi3TRING SPPKIAMMMOWt et r anet hyl ene
glycol fromsaid polynerization reaction m xture, and adjusting the

het er opol yaci d cont enpy, 9f 1, 584 SkPd Sramdi @ ¥het gageshyienec plogtdhet o a | evel
of 10 to 900 ppb by me?ﬁ%t?%lcgﬁgirir n? tillgl?ﬁlllt B

present invention, which has a number average molecular

weight of from 500 to 3000, a molecular weight distri-
5 bution {(Mw/Mn)} of 1.8 or less, & content of high mo-
lecular weight PTMG molecules of from 2 to 5 % by
weight, wherein the high molecular welght PTMG molecu-
les are defined as PTMG molecules having molecular
weights which are at least six times as large as the
i0 number average molecular weight of all PTMG molecules,
and a heteropolyacid content of from 10 to 900 ppb by
weight, exhibits improved properties with regspect to
heat resistance and low viscosity. By virtue of these
improved properties, not only can decomposition of the
15 PTMG during the storage be suppressed, but alsc occur-
rence of the thermal decomposition during the poly-
merization for producing the PTMG can be suppressed.
Therefore, the PTMG of the present invention can be ad-
vantageously used for producing a high performance
20 elastic fiber, such as a polyurethane urea elastic fi-
ber having excellent physical and chemical properties,
? polyurethane elastic fiber and a polyester elastic

fiber.
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CLAIMS

1. A polyoxytetramethylene glycol (PTMG) having the
following characteristics:

{1} a number average molecular weight of from 500
to 3000;

(2) a molecular weight distribution of 1.8 or less
in terms of the Mw/Mn ratio, wherein Mw represents the
weight average molecular weight of PIMG 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
weight of all PTMG molecules, wherein said 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

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

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

1.7 or less.

3. The polyoxytetramethylene glycol according to

R )
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claim 1, which has a content of high molecular weight
PTMG molecules of 2.0 to 3.5 % by welght, based on the

total weight of all PTMG molecules.

4. The polyoxytetramethylene glycol according to
claim 1, which has a heteropolyacid content of 30 to

800 ppb by welght.

5. A method for producing the polyoxytetramethylene
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 continuocus polymerization reac-
tor,

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

in V represents the volume {m3) of the liquid in said

TR AR
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reactor and F represents the rate (m3/hour) of feeding
tetrahydrofuran to said reactor so that the V/F value
represents the refention time {(hour or hours)} of tetra-
hydrofuran in said reactor and while maintaining a P/V
value at 1.3 kW or more wherein P represents the motive
power (kW) applied to the liguid in sald reactor and V
is as defined above so that the P/V value represents
the motive power (kW/m3) applied to the liguid per unit
volume thereof,
to thereby obtain a polymerization reaction mixture
comprising a reaction-formed tetrahydrofuran organic
phase containing a polvoxyietramethylene glycol having
a number average molecular weight of from 500 to 3,000
and a reaction~formed aqueocus tetrahydrcfuran/catalyst
phase,

separating said reaction-~formed tetrahydrofuran
organic phase containing said polyoxytetramethylene
glycol from salid polymerization reaction mixture, and

adjusting the heteropolyacid content of said poly-
oxytetramethylene glycol to a level of 10 to %00 ppb by

weight.
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