; €3e~sRRSd\ f b r 6*sT~s<; m TI TLE OF THE | NVENTI ON Oxyt et r anet hyl ene gl ycol
copol yner and nethod for producing the sane 5 BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention relates to an oxytetra

nmet hyl ene m@ﬂ‘ner and a nethod for producing the same. Mre
particul ar ﬂwmwm nt invention is 10 concerned with an
oxytetranet hyl gng,.ed ycol copol yner obtainéd by copol yneri zi ng

t et rahydrof uran and neopentyl glycol, wherein the oxytetranethyl ene glycol

copol ymer has a specific nunbe;ggvera e nnlecul%’ wej ght, a specific
nmol ecul ar wei ght distribution E&Eééﬁ%ﬁﬂﬁ4£§ﬁ§-i&éﬁﬁntyI gl ycol

copol yneri zation ratio, The gggsint iaxent#on is.also concerned with a
net hod for producinéx¥58ﬁrﬁﬂ VLEPPafEY L eFiRP Y VST %%%olyner. The

oxytetranet hyl ene gl | .capol ynmer, of _th resent invention exhibits
i mproved IOM/tenperQ%gggdp?§5e¥F?ggcﬁﬁ%,gag ?3Teexanple, to low nelting
point and | ow glass transi tion tenperature. By virtue of these inproved

properties, the oxytetramnethyl ene glycol copol yner of the present | mmw r
can be advant ageously used a (=Y f stic fi

li ke. F%rther,QZS thg presen ACKGROURD BF %hE Zhved ?bﬁth a ne%ﬁ“ﬂhﬁ@m m
purifying an oxytelr agethyl ¢nc.diysg! copol yner, obtained by copol y9PY* zi ng
tetrahyqrofuran—ang—a—dfoé—gy—gge—ﬁﬁthod of the present invention or any
conventi onal ”EthOdThErBEbFeHQPQ ¥€REkéﬁtkQﬂaEQQC{bOQ%”%%%FEEr om5 prising

an oxytetramet hyl ene gl ycol copol yner and an unreacte erein the

unreacted di ol megnghehk! h&9cBhf cb o&9ﬁe9rsﬁenaemethsaefbrt§£aaaxgﬁgfuran-
By the use of the purificaiion nethod of the present invention, it becones

possi bl e to nothenk¥mBUr i fyrd NEa£OPOh YARTy 104 tHhdE e bR USHVEh £ 1h ¢ 99Ti Ng
of a condensation tube and a conduit by t%e solidification of the diol, but
al so regover acbfegehaldl @idhohn Pkiy€etThaMethyRBfienghlycoa@ncoyylgneanet hyl ene
gl ycol copol yner obtained by copol ynerizing tetrahydrofuran (THF) and a
di ol (such as pbepeneyl bgl yepblymsdianngxyterangarbyliean ghyicakopenol yner
obt ai ned by copol yneri zi ng THF and 3-net hyl t et rahydr of uran have been
drawi ng attentitgi. g2@cAi,oxhieeeiamehbybggtegbranethgdpokygychasca-| ower
melt ing point than an oxytetranethyl ene gl ycol honopol ynmer (that is,

pol yoxyt et r anephyyees Hbegcel spPTMBLYr, nantdeanavkaspecmploedudarpwedgbed usi ng
an oxytetramet hyl ene gl ycol copolyner as a raw material exhibits remarkably
25 i nproved el éngaecdfiichpolecednr wedghandibbtmibetpenaand3at gpecific
properties, as conpared to those of an el astic product produced using PTMG
as a raw nat er PEPPeRSY legaligPé, capcaynenpepsigrerpeiow tThee iReegRRht, a
conventi onal pqlxurethane urea elastic fiber produced using 5 PTM5 exhibits
no i nst ant aneot8VER&dPNc 1Fe@dFar FONEEENE BT Hr 8t MahBOGr E9TePRSHPELPBber

produced using an_oxytetramet hyl ene_gl ycol copol yner exhibits an

ot ant anoous GBS FE PEYBOLEGTRRRERSRE . SuBEOEPRRIYTERe SHi S5 obser ved
at room tenperature. An_oxytetranet hyl ene gl yc b copol r.can _be eas
Ly oyt hosy seq by aneFRY 1 En R AT SR §RBbATREE ok o EhRePPSSE EN1ELPR vt - For
exanpl e, each qf Un i ne at ent Li i ai_d- Ope

Speci fication %5PHS%§%gbg§g3é§§% ngrESHOESPQEEFSS%ur§%8§ﬁrgé%§n?uﬁub|i 15
cation . 158 9 xagined J .ent phki.cati Ld-Open
Specifﬁygtion ﬁég g%gmg??lZg§3ggfc@§?g§%§n§?%§@tSéﬁu?ggegéhggtg%%gsgp
Publ i cation No.;l38+24 apdeUn 'ﬂggl aj | L£&b& PN

Lai d- Open Speci%icat%o%éﬁg.ﬁsﬁo g%?g%BG Oéggggﬁgggg éﬁﬂ%ai?gtéa %P

met hyl ene gl ycelj e&0PQh¥MBkyRRE2ERRINDY enRPGLY BN ZbB81§mdirObrarRgdeTHF in the
presence of a heteropolyacid in either a batchw se rmanner or a continuous
nmanner. | n thepheebpicqyavehteaahcah beeaabaﬁgageehggpeqseatsatadeﬁwnents,
di ol nol ecul es are incorporated, into the oxy 25 etraethyl ene glycol

copol yner chai Ratefaianl ¥oasan e8hsti¢ HibakOanBOkhkheikevi NBueehésNi C

pol yneri zation of THF. Therefore, nost of the diol nolecules which are

i ncor posat ed i rhe phesenlty Bietitaohs igr ecpcesaed atithha metubdngbg of the
pol ymer chains and the average diol co y polynerization ratio is

approxi mately one nol ecule. According to the reaction nodes disclosed in

t he above nentioned patent docunents, the average nunber of diol nolecul es
that can be incorporated into a copolynmer nolecule (that is, average diol
copol ynmeri zation rati o)




10 is approximately 1 nolecule and, thus, there is alim tation in the
nmelting point-lowering effect of the copol ynerization of a diol

(copol ynerization effect). In addition, in the above-nentioned patent
docunents, renoval of water during the copol ynerization reaction is 15

di scl osed as a nethod for increasing the copolyneriza tion ratio of a diol
(specifically, to achieve a copol ynerization ratio as high as approximately
10 to 35 noles). In this nmethod, when a water renoval step is conducted in

ddi ti h .andar d I [ ' 20 h ' | L [
That the number SR MaTEr SHoPBYiFSESRBbPaLAAPea Taok RePerBlsFyatPs lsed as
Eapecial |y whot S 05onddy WePeaaiesncs bl rorereoEoRrabobl ¢ afat vy
het I id ' i nat.Lap; j ‘ 15,
the robot ] on 14t merBa BerntCprasPht SkEAR BUBE ol SRAURAEORRE (Ve

of polymeri zat Irn%q:h%%cmfggmv r%ok%%@?gﬁ%g%naa@egéﬂ%rHHEEE%GBS@Q' ycol

copol yner having a broad nolecufar-wei ght distribution can be produced

using such a 5pfﬁts%%p%yglszgqe_t@amexx&%haﬁsw%gneogbxgﬁagrcaﬁe' ¥fer having

a broad nol ecul’ar wei"ght tribution"has a“problemi1n that the gl ass

transition tenmpghalied 8iBhighwnEreliRetheWankbREt8Y2ARbES1 O aaexamLged .
Japanese 10 Patent Application Laid-Qpen Specification Nos. Hei 687951, He

9-291147, Hei 87%81kneHpirel@ndé8d2, rHebn10=878AhgaaBeuthr.| ike €hscl ose
met hods for incorporating 1 to 5 noles of neopentyl glycol (NPG into 1

ol ecul e of an upeylodt raRephYieneatlivaometdpa yEetheSpeetenti in¢ahltyongach
of these patent docunments discloses a nethod which conprises pol ynerizing
NPG and THF i n ifth®epiomegnpesetibaehebenopobyiagi gueargl yae topalbmeehw se
manner, wherein the polynerization reaction is perfornmed while renoving the
by- prodixred watwdrthioutmcialei?@ thactciloggsygt eh bycdndenkbhatibontuba and

bat chwi se reac~ tion, even when the NPG concentration is high at the
initial stage & condwigadlyi dhe shdiNRE&icemdent pét tbe dfioflhebntaslison system
becones markedly | owered at the final stage of the pol ynerization reaction.
Therefore, 25 Impwovsireeuirgcywdisghecdpollymers havi ng hi gh NPG copoly 6
nmerization ratio are likely to be produced at the initial stage of the

pol ymeri zation reaction. The thus produced | ow nol ecul ar wei ght copol yners
havi ng hi gh NPG copol yneri zation ratio are likely to polynerize and 5
mature into hi gFEIRH AXH ar wei ght copol ymers, thereby producing a high

nol ecul ar wei ght copol ynmer having a relatively high_copolynerization ratio.
Due to the presenceRGPe§G&H'aaﬁiQWYﬁBF€EHP§PYiEP@hEl¥866I9HBPIKQ9an a high
copol ynerization ratio) the glass transition 10 tenperatur f th

ool ytor 5 as SRARINEY SY, £e9e1 316 THadse HHEGROYPREPEI™r STHEY: RES ¢

difficult t d t et t hyl I I | havi I
gl ass transiti O oSt GFe " RPREAt: GHds AnouBs AR BRYLEEranethyiene

I | 15 I [ I i.zat | A [ HF and
2 Uil in tne YR el SOUREITRE LSRN 6T EoR R EE s, e At

Several hundred MM@%&%%%%&?%W n@lre2ReuAr 826484 g0k eHgYBhl Y remains

in the reaction m xtudre obtarne ter the copolyneriza 20 tion reaction,

and whegp an el g8 i RA94%6e thS18ne %ﬁy%Io@LSIc'oflf)oﬁ.'yI?n‘éFr, h3dch asydreBane urea)
is produced using an oxytetranethyl ené gl ycol copol yner containing residual
unreacted di ol ,iﬁdﬂ%)cﬂr&stﬂhsanpra(ﬂd%@@t!e&xiaﬂ@m@%ﬁeom%mlb'hb'magotl eicnt ended
properties because the residual 25 diol (such as unreacted NPG do not
function as a safHat i¥€9PRNyoxlydle tTAmethy llehies ghiyeblleMPTMG )Was aglit @fpt ed to
performthe copol ynerization reaction under conditions which enable a

conpl ete consurgitd i OfpriddRict @lro@uced Lerimet iaveloxy te® ragang leneeact ed

diol fromthe copoly 5 ner containing the unreacted diol. For achieving the
conpl et e consumityqwl @fopdigmidirolasdur iray imasexdpdl wxdibdatsi aemaekabilgn, it
i's necessary to conduct the copolynerization reaction in a batchw se manner
at a hizfh reactinprdved elaingas iwmi,| dysdeneisig 10 stshanidy -Lowo denpera-
condensati on water thoroughly fromthe reaction systemso as to shift the
reaction equilibrium Wen the residual anmount of the unreacted diol is

| ownered by this nmethod to | ess than 100 ppm adverse side reactions, such
as |iberation of term nal hydroxyl 15 groups fromthe diol as well as from
t he produced oxytetranet hyl ene glycol copolynmer, are likely to occur due to
the action of heat thus |leading to an occurrence of discoloration of and

| onering of the quality of the oxytetranethyl ene glycol copolyner. In
addition, this 20 method is only applicable to a batchw se reaction and,

t hus, as nmentioned-above, an oxytetranethyl ene glycol copolymer having | ow
glass transition tenperature cannot be produced by this nethod. As other

T r - ~r T ] T



8 tinned a nmethod in which a diol is selectively adsorption-renoved by
means of an adsorbent (Unexam ned Japanese Patent Application Laid-Open
Specification No. Hei 9-291147), a nmethod in which a diol is renoved by ex
5 traction (Unexam ned Japanese Patent Application Laid Open Specification
No. Hei 10-87813) and a nmethod in which a diol is renmoved by vacuum
distillation (Unexanfined Japanese Patent 3Application Laid-Open

Speci fication No. Hei 1-92221 (corresponding to European Patent 10

S ifi ti No. 305, 853B)). | th thad i whi ch di ol _i db
P ert of ok Br G REOBRRE hasoh: HETPERLIATO! EhPESaRE SRoGREREDEan i Mo

{he i of - bei ngPaRoEs T BFREREantStRE PFUE. “Fidr 6B Bt PRESEy pe Ghct Rirount
Condi 11 one. enpPOFRd- 1 BF B SAIEPRACRCoRSEal: Ehet WP RETaFyca CebRehymer 10
ecul ar el ght "GSVP PRIPRETBAGeoPPes Sthatt §neret P BEaR PR nBhnary ™ 0
a1 yool - copol ynirae, cdiibe BE LR ARLERHLAR MPLORh e RKEBKERRT BECR"

ol vent . such BS-¥RECtanp Eed e B O e g ENA RN BT B SR e e

dependi ng on thettyuRetAd «ABOHILCBE EBBodiAbradzAlBedsOlnt RasRdAoRRENt , and
t he amount of the solvent necésSary for desorption varies drastically. The

desorption of bhe adsaihedrkewvBRySwheeH! 85 ¥WBbIRhnOXX i &Y aABt B¥hengsyl ycol
copolynmers is al so acconpanied by the drastic variation in the anmount of
the desorbed | gwseRkedubar reemgbmpsyhetiranet hyl ene gl ycol copol yners.
After the desorption of the | ow nol ecul ar wei ght oxytetranethyl ene gl ycol
copolymars by a 10 aal uegtetsdaBtRAgléhE, gdficaldebpohihest €Ani Bengagssary
for determ ning the anobunt of the | ow nol ecul ar wei ght oxytetranethyl ene

gl ycol copol ynely sgntaesedednbiyhasdagoabateeangoipacifli aal bypadyusti ng the
copol ymer concentration thereof before using the desorbed | ow no 15 | ecul ar
wei ght oxyt et r aeetikpiténe ghyedlystopafyrreesamphes edacte, of Hisexathwed has
several problens for use in an industrial process. Further, the problens
acconpanyi ng t HeraassepPietensf Appéicendppl beibaPpesi §hecofjicridenhliibene

gl ycol copolyners are known to beconme nore 20 difficult when the anmount of
the residual diSbP €8nk8BAE8 {acrhnespsydingahet hAyrepeany| Pebentopebiher
decreases. Wth respect to a nethod in which a diol is renoved by
extractlibon, Un&R&APRelcJapafie2d?Batr eHReAppLReds Janer8fcLBreD eAPPLL-
Specification No. Hei 10-87813 dis . 10 closes a nethaod in which a diol is
extracti on- r en5?¢doRi LR1A50REN PReFRAELCARELRBANOt hERAnBaAE 288 3PhECS®XT r act i on

i di h d, an f di, ol i, Ni
e (vater) ELueh SR B OB L Re R ATRURL 5113 10 SO0
t et t hyl I I I i oultan I it h
o0, 08, LT ATELRH SRRnioah SRRHURE' RBERHS B TYEARTERLERL PR o aon
i I . f L L i h t hyl
10 | 200° Ao e ATl shiegs sidiab d0habbel gy OpHELREE YT ere

det ey ned 1elUl o ' 364
predet gigm ne K@§5§%§?%r 2 %oR°E$§§gy§8§so%%89HBﬁ” &B%o&%ﬁgﬁé&?%ghyoﬁ

becones i ncrease . cling ol "extracted"l . wat er
used as the exigigql g #g¢Nin"Mek BeeGERBKEDEDY ﬁb%E&bb@F&Q@id1§nA%ia

result, the purification process beconmes di sadvant ageously conplicated for

a commerci al sealke Br d4ehivaReOhatRe@X¥iehl BBRERAYLBNAS Ghyaek.CeROkKEET .
Unexam ned Japanese Patent Application Lai d-Open Specification No. He

1-92221 di scl oseenaikRlehed tach2@rr @RV abdva -k iBhewapdtlng sbkcll-at i on.
Specifically, a diol 1s renoved under conditions wherein the pressure is

not nore than Gedtihamnioantolibeuvtieaparat 4heorpo2@@eti 26@oCtnendgly-such
distillation conditions, an oxytetranethyl ene glycol copol yner becones
deteri @sated. 2FraethRakehesigngeclihicoporihed chaangtt hadnflgr agepatati-ng 11
| ow nol ecul ar wei ght conponents from PTM5 when this nethod is used for
removing a diol which is generally solidified at roomtenperature, the diol
distilled off fromthe distillation apparatus becones solidified dur 5 ing
t he subsequent cooling process, thereby causing the clogging of a
condensation tube, a conduit and other conponents which are disposed in the
vicinity of a vacuum punp. Therefore, this nethod is substantially

i napplicable to a process in which a diol is continuously 10 distilled off.
SU ~I ARY OF THE INVENTION In this situation, the present inventors have
made intensive and extensive studies for devel oping a novel 15

oxyt et ranet hyl ene gl ycol copol ymer having excellent | ow



tenperature properties. As a result, it has been found that, when an

oxyt et ranet hyl ene gl ycol copol yner produced by copol ynerizi ng THF and NPG
is arelatively | ow nol ecul ar wei ght copol yner having a nol ecul ar wei ght of
20 2000 or less, the glass transition tenperature beconmes m ni numat an NPG
copol ynmeri zation ratio of approximately 10 nold, and when the

oxyt etranet hyl ene gl ycol copol yner productéd is a relatively high nol ecul ar
wei ght copol yner having a nol ecul ar wei ght of nore than 25 2000, the gl ass

a1 of 5 ol BLBRCPECESETERE H A THITTEE RRRMCCVALRTT 107 debet 1o a
ol coul ar vt GRICEEEORGC BRoF it RO ahd brag Tec it o SATTARH cHETh col
pociTical ly aHPUatsY SapenirRab st Ak S i f R ATHRE BRI |
copol yrer havi HEeE el oRre) BrThe cTEr et v e pr b (P E St or% exanpl e,
nave neger booRFEArT SBaTH At Re R (° ARETEr M R o TR br o have.

found that thenoXyLeLAaMELIVAENELAMYLOL FOROLYERECDSsddeLr aREUbTENt i On

can 15 be easily produCed by subjecting tetrahydrofuran and neopentyl

glycol to a copghyBhtdabhPBnt CaGERENES, e PACSLAGE RimBe&l£roDel yaci d
catal yst, while continuously renoving fromthe reaction system water which

i's by-producedmbietli®e§0PRAY "BAA 2B | Dicd BF6+AO8d SOnthad Spd Igmawrount of
water is adjusted to a |l evel wherein a two-phase reaction systemis forned
whi ch conpri sefo@8cAlgatBaphise £eePdEdgsi doR SOHOLyerDiatiepeardyiogl ycol
in tetrahydrofuran and havi ng a neopentyl glycol concentration of from 0.05
to 3.51eei ght is Gppedxdinatéey?2b meighileofande thigani thehasets andhimi-

t et r ahydr of ur an/ 13 aqueous het eropol yaci d phase conprising a solution of
an aqueous het eabpohydni theanal ysngipoimt + hdwelr bhgrefhfect divilg @ specific
gravity of from1.8 to 2.3. In addition, the present inventors have al so
found that, 5 phévmenimatdastedl aidiol s(dopelyhedinditidn opffecehct ilon

m xture contai ni ng an oxytetramnet hyl ene gl ycol copol yner and an unreacted
diol in the preadéntdoni anftrbehabeve ansutbdéuednreberhedegymerbir aXxe- and
purify the oxytetranethyl ene glycol copolyner, it becones possible to 10
not only purifPovaé epdpyaerduwringuthe cepPalyPeeizabiopi epetien is
condensation tube and a conduit by the solidification of the diol, but also
to recdver a r8¢FELaBPE BFof. M¥RRORr EQBNINFREGRALP BNt PR SCPREWYIBFHE 2T ed,
based on the abogve-nenti oned findingg. 15_Accordingly, it is an object of

. . [ o, t
the present inv&R%t FBALIP0OHr BVIHRL ahSRIGTELFRMEY hyFRN2CRT§%DI 2 cBpol yner
whi ch hibits_i d t t . ti d f | t
mol £1ng poi nt - BRIVISHLGrELEn: PRSP #riot Bhobf athporbiere £F SANT I oy ect
f th t i ti t i t f i t .
gbove?ng:lffgzegbgéggé; ?%Fre@hjg ?éée&gq@co%e@g%oI@J%¥ %elqngdn‘;%xhs:}%pt $5 npr oved
| t t i es. iy ti Ll j : t i
25"t on to- prouPiaoackl, B aphstiof fo, ARTLEERAREN e Sl h by REERER 1 N0
an oxybetranet pybgnegbygok sCoPol ¥ies ¢ { EQM Rafl ¥hET SumRLE 35 P! g &P

oxyt et ranet hyl ene gl ycol copolyner and an unreacted diol w thout causing

the clogging ofoecAndgneabr@nktbe 850z anEPBHYHL1PYCiACLSO! difikaS tion
of the diol. The foregoing and ot her objects, features and advant ages of
the present inygiymeRivhkhioRecaPRBy80tmhott bOSEnSkhe! LEny8 dherdsh fromthe
follow ng detall ed description and the appended clains taken in connection
10 with the aceoQmpesyisg Haddigs.1yBRinEn BEYINI kY iGathildn RRAYNGS I n the
drawi ngs: Fig. 1 shows an exanple of a gel perneation chro 15 mat ogram of

t he oxytetranetibykenaughtgaoliseagohynetedbpbligapiasraihgvenvader @bich
illustrates the nol ecul ar wei ght distribution of the oxytetranethyl ene

gl ycol 2sopol ynerdinaeiennnuhbekrebs-hagd asde t6s 1he sheleredct hen hrate

nol ecul ar wei ght and the right-hand side is the 20 side of the | ow

nol ecul ar wei ght, and the hatched por tion shows the high nol ecul ar

wei ght-side 15 w~ frac tion of the oxytetranethyl ene glycol copolyner,

whi ch fraction corresponds to the area of a part of a whol e peak
representing the nol ecul ar weight distribution, 25 wherein the part is
taken on the side of the high no



15 | ecul ar wei ght including the maxi rum nol ecul ar wei ght in the whol e peak
and wherein the area of the part of the whole peak is 15 ~, based on the
area of the whole peak; 5 Fig. 2 is a schematic diagram show ng an exanpl e
of the continuous production systemused for producing the

oxyt etranet hyl ene gl ycol copolymer of the present invention; Fig. 3 is a
schemati ¢ di agram showi ng anot her ex 10 abple of the continuous production
system used for pro ducing the oxytetranethyl ene glycol copolyner of the
present invention; Fig. 4 is.a schematic dia ranlshomn npl e of the
cont i nuous purb??8ﬂ??oﬂa§§§aéﬁ1iSVeﬁﬁéfoﬁﬁ sgﬁﬁ=§ﬁ¥? %ication
nmet hod whi ch is_used_ for pu. Ll ng t he ox te%raneth f %col copol yner
of the presentan98 ?WSﬁl a°E|B BNed ¥eL¥n ﬂ%?l%n % h%ﬁYng anot her

Co-step purif EESERDRCHELRBA ARTERL eReBtire %ﬁingy. Brod Mbne
oxyt et r amet hyl ?aggsw 15k §gge!rxgﬁ£1§£ L8 BLESEOL,LLYCHLLRO  SPERCLI Pti on of

Ref erence Numer raw erra reac alyst

separ at izon ves t or cel v

t ank7, El 27: c%ﬁ éﬁé?gi&%§%§58'%h%é%ggg;&'recel |$E)t%%#§?lTﬁ%&%é$§? st or age
tanklO 12,14-1 4 3 . e | 16: reaction
m xture tanleﬁSY%églé %éggnﬁﬁﬁgégégynp%g%ﬁF afg?é???ﬁg?ygﬁég &

appar at us20, 26ﬁgb5&b}nl ahi QHa‘E%HH“E;@ggs d@f&ﬂéf{iZénOEéﬁﬁérﬁjéQ{»égEs

tank29: fresh THF tank31: heati ng nmeans33: oxyt et ranet hyl ene gl ycol copol yner
tank 20 DETAI LERGRESCRI PTI ON OF THE | NVENTI ON I n one aspect of the present

i nvention, there is provided an oxytetranethyl ene glycol copolyner,

obtai ned by copol ynestzhag, t RbERDNGT Ok &thPle NS NERELAhYhe 25T gD ¥EEke havi Ng
the foll ow ng characteristics (1) to 17 (4): (1) a nunber average

mol eculrar wei ghbtbhtohppranaBont Dab@00peh 23pacihacacieni 8bsC MBEreikn the
wei ght average 5 nol ecul ar wei ght Mwv and the nunber average nol ecul ar

wei ght M sati sfrgseit Hed Bhesfokhowiay (0)8w8liheHénl howsngleiidei(i) a

nmol ecul ar wei ght distribution of 1.8 or less in terns of the Mv Mh rati o,

or 10 (ii) a nmdbe8GBaB amdghhedltkei didchrsofmetiheds hfor 1iBcorpoéeats of the
Mv Mh ratio, wherein Mv and Mh satisfy the relationship defined by the
following formihg {l¥o 35mAbd® «f (meyMdntyll BYBOGK (INEGD Jaxypo (Mmodd- 2/ 100)
(I); (3) a neopentyl glycol copolynerization whole ra 20 do NWof from6 to
30 nol d, mherePﬁlﬁhéfnéﬁpéﬂvyptgﬁ99§hYé©p©Ighﬁﬁpéaﬁpgﬂlﬂmére reR¢o NWis
defined as the nol ar percentage of the anount of neopent gl ycol mnononer
units present Fﬁfﬂﬁél&ﬁoléaGQyPétFaﬁﬁ?hyﬁéﬁétgﬂ?éﬁmeﬁéﬁoéyﬁﬁiosﬁﬁséd on the
total nolar amount of 25 the tetrahydrofuran nmpnoner units and t

neopentyl gl ycBEtBRA ¥hifgh GEMRRLFES oRYL¥ENELAELRYI BRE %?QC%WFCUdeVﬁer

presence of a heteropolyacid catalyst in a batchwise
manner, wherein the polymerization reaction is per-
formed while removing the by-produced water from the
20 reaction system by distillation. In a batchwise reac-

tion, even when the NPG concentration is high at the
initial stage of the reaction, the NPG concentration of
the reaction system becomes markedly lowered at the fi-
nal stage of the polymerization reaction. Therefore,

25 low molecular weigh copolymers having high NPG copoly-



18 (4) a characteristic wherein the nunber average nol ecul ar wei ght M, the
neopentyl glycol copolyneriza tion whole ratio Nw (nold) of the

oxyt et ranet hyl ene gl ycol copolymer, and the neopentyl glycol copolyneri 5
zation partial ratio Nh (nold) of a high nolecul ar weight-side 15 wt ~
fraction of the oxytetranethylene glycol copolynmer satisfy the relationship
defined by the following formula (I1): 106Nh ~ NW.ii ~ Mio.s ~ p, 0560
(I'1), wherein Nh is defined as the nolar percentage of the anount of
neopentyl glycol monomer unit.s present in the high l.ecul ar i ght 15 side
15 w ~ fractiO%Prﬂgge&oghrFﬁéotgfﬁlE%%F%Y %ﬂnﬁﬁtgg?ggﬁgﬁt% r%ﬂyd?% uran
nmononer units t 0 . al I I in hj gh ng! r

wei ght - si de 15qﬁ%9' %gggi%%?%éﬁegg¥ﬁﬂFﬁggh%gﬂhn%%ggaFgg'mgﬁﬁ%t-sf%e 15 w ~
fraction 20 is q.fﬁﬁﬁ ' t tete t Lycq oL Yggr. Which
fraction corre pgg's %%q?ﬁgmg?ggug?¥a§%%§g%ogxggaﬁgge¥peéﬁgggpre enting the

ol ecul ar viel 9lfecdicBioi:aBa0y8h LAL18N0LE §2RATyOLo! bOMAet oML MBhECU! ar

wei ght to a hi gh nol ecul"ar wei g in a gel perneatfon omat ogr am of

the oxytsgt ranehhylgre il ali ORSh¥ERLar 8L EHE EB?oQ?ﬁErE? trkeapgn the
side of the high no 19 I ecul ar wei ght including the” maxi nrum nol ecul ar

wei ght in the R 2204 g RbEERULRE AEe8nel cbpe1paet Rhvihg whol e peak
is 15 ~, based%%ﬁJtheegﬁea ofw¢he whol e peaks 5 InBang?her aspegt of the
present inventir@natik@Ng hs ghl e¥pbde¢mariehbednf eatRHOAUBIAIGd Nhe _
oxyt et ranet hyl ene gl ycol copolynmer of claim1, which conprises: subjecting
t et r ahydr of ur apraz@nieoRENtsylchglay 88ght lio1l8calaepwkyghti Z8bb0Pmeeanki;on in
the presence of a heteropol yacid catal yst, the copolynerization reaction
bei ng conti nuousidy apériighr M olymehe zatesaneatad, waher glasa €pahsnuada

copol yneri zation reactor while continuously feeding tet 15 rahydrofuran and
neopentid gl ycdlenperatareontti theusopolpmeysenszat whnleeast oauaad whil e
continuously renoving water which is by-produced in the copol ynerization
reacti on so th¥econe anghnt therwdyerendeadpgstitddiffachévetonherdirnea

t wo- phase reaction systemis fornmed 20 which conprises an organi ¢ phase
conpri sing a s@nuoxyitediranespadepe glycol cappéymghybpv¥ingaa aadW having a
neopentyl glycol concentration of from0.05 to 3.5 weight ~, based on the
wei ght of the &GS crgmeddioandernpesatalgdr of ur an/ aqueous het er opol yaci d
phase conpris 25 ingﬁa sol ution of an aqueous heteropol yacid catalyst in

20 tetrahydrof uran &fdMeakirged 8§pe¥efi angPivtetrarethyhenegdtncels,
wherein the continyous copol ynerization reaction is continued while

mai nt ai'M ng t hEORIPEs &5 PFOGLGR 5 PYy EPEnfoP8LYREF&BFLEBRnT§action
copol yneri zation react.i mxtyre c rising a reactign-formed organic
phase cont?iniﬁ%.g' 0 h?gf% f hﬁgg%g?gp§8§§n88p8 yﬁegeﬁs593§9§aﬁg er
aver age nol ecu i L fr P
tetrahydrofuran aﬁh 5ﬂ§mﬁ§%€¥%%%hy§ f&gggg'phgég?92£3§§% ﬁ%% éﬁé&¥%
reaCt'On'forne%éyé¥§f(bégﬁ§ﬁ:%&nan unreacted diol usually remains in

the reaction mixture obtained after the copolymeriza-
20 tion reaction, and when an elastic product (e.g., an
elastic fiber, such as urethane urea) is produced using
an oxytetramethylene glycol copolymer containing resid-
ual unreacted diol, the elastic product is incapable of
exhibiting the intended properties because the residual

25 diol (such as unreacted NPG) do not function as a soft



taining the oxytetranethyl ene glycol copolyner fromthe copol ynmerization
reaction m xture; and separating and purifying the oxytetranethyl ene 15

gl ycol copolynmer fromthe reaction-fornmed organi c phase. Hereinbel ow, the
present invention will be de scribed in nore detail. The oxytetranethyl ene
gl ycol copolyner of the pre 20 sent invention is an oxytetranethyl ene

gl ycol copolyner, which is obtained by copol yneri zing tetrahydrofuran and
neopentyl glycol and which has the follow ng character istics (1) to (4):

(1), 2 nurber ‘ayergge.molecyl o VL8N IO SIS 2% 500 L4 S00e & (2
I{‘bn:swftghﬂf”;'gfw'% f&e“@fﬁ%}y%‘%ri%%?ﬁ%x ?%%%‘ %aa:: ?@af%#' ?3“%%%%@? i ”‘
than 1.8 i n-t ol REoBr CPRE RuPnRoPRFSS Gnoy aibe ki ool TR APEi e -
178y 508 oxp (MicKURC3PRoly 18 cefoyohiPseOtdy dial)nngl Pk GHEbIY--
copolyn%rizatiﬂ@rwgghgagﬁ%ﬂgl@M%oﬁnggﬁﬁ}?gtgégp_nnld, wherein the neopentyl

gly col copol ynerization eratio I ned as the nol ar percentage

of the amunt of nepgentuhiglyfel (RO SUREE UbiSuft £E6R1of Nelibeatbpl @

oxyt et ranet hyl ene gl ycol copolymer, based on the total nolar anount of the

tetfahydfOfUraﬁu%@ﬂ?”@heuEbbélﬁﬂérigﬁtﬂ@ﬂp§8£¥£ighYC9£ YBi hsckPshhg whol e
oxytetranet hyl ene glfycol co polyner; and 25 (4) a characteristic erein

the nunber averageonale¢ukae aﬁhamym@9izahgoﬂe@esaﬁybngiﬁcalbseéﬁwygeriza
tion whole ratio NW (nold) of the oxytetranethyl ene 22 gl ycol copol yner,

and the neopentghnekyeel acapghyrBattnahi e8mparhtater whide NBehoBLYy Of a
hi gh nol ecul ar wei ght-side 15 wt% fraction of the oxytetranethyl ene glycol
copol ymer sati shg bRepielateansbhpeflebtnel Wytédrt brRofobgRMy NGrbar snka (I11):
Nh ~ N\ 11 ~ Mh. s ~0, 0560 ( Il ) ,

reaction system so as to shift the reaction equilibrium.

Q

When the residual amount of the unreacted diol is low-
ered by this method to less than 100 ppm, adverse side
reactions, such as liberation of terminal hydroxyl
15 groups from the diol as well as from the produced
oxytetramethylene glycol copolymer, are likely to occur
due to the action of heat thus leading to an occurrence
of discoloration of and lowering of the quality of the
oxytetramethylene glycol copolymer. In addition, this
20 method is only applicable to a batchwise reaction and,
thus, as mentioned-above, an oxytetramethylene glycol
copolymer having low glass transition temperature can-
not be produced by this method.
As other methods for removing a diol from a co-

25 polymer containing an unreacted diol, there can be men-



wherein Nnh is defined as the nolar percentage 10 of the anobunt of neopentyl
gl ycol nononer units present in the high nolecul ar wei ghtside 15 wt%
fraction, based on the total nolar anmpunt of the tetrahydrofuran nononer
units and the neopentyl glycol units in the high no 15 | ecul ar wei ght -si de
15 wt% fraction, wherein the high nol ecul ar weight-side 15 wt% fraction is
a fraction of the oxytetranethyl ene glycoB copol yner, which fraction
corresponds to the area of a part of a whole peak representing the

| | ht distribu 20 t th f
1A v A B A BIEL IR Ol ol

h t f.th t t th I h t o
Tt SEBE N B MREP e T L ™
I I ht 25 th mh th t of
%ﬁﬂﬁﬁ&@%@%wwﬁsﬁﬁ%ﬁﬁﬁm o
I ft t T F t
copol yrer o LBEaR3AS30, e HERRLATsh b OReH, L, T ahg G grdcon i

reaction 5 md%r‘é‘&‘tﬁ'&ﬂ 31’1%&% ed! HHEEFIQSQ“?aQ ﬁErﬂgﬁfgﬁﬁhQH'ﬂé i@l e

reactions, such as a I ng ca 1onic yneri zatl on a termnation

reacti on of theplbvispa 634 EaRi 6nPREY TRELZ3bL BRs Y) Lhia hydigida areup of

NPG, and a copo yner zafion reaction conprising a dehydration con

densation betwgen A BYHLE BKYESQEQHBvQE BKI ¢RELAA! dIEEHﬂhh@de@nQN&IﬁDXyI

group of either a termnal NPG unit nmononer. Specifically, 1n the

final oxytet ra'I%IaayIJ%B%nQLs)éC@EtﬁﬁﬁohéﬁﬁﬂcaﬁlbhgﬂaﬂHL@ﬁé‘haépé\éiﬁféapm ymer
chain is likely to contain a | ong THF honopol ynmer 15 region and a mddle to

a | ow nol ecul arivgi gidt. peliyneb2ehai ncberksk6hiihg €ONEatdpdashPatedtF
honopol ynmer region. Therefore, the nolecular weight distribution of all

pol ynmerLochai ns spkctife caftaba syt gbosassetByene gl ycol copol ynmer reflects the
| engt h of the THF honopoly 20 mer region. Accordingly, even when the

nmol ecul ar wei ght of Ia ¢Ret aemhedpahywRichhai @ibs isi cemased abgemesns hat of
anot her, the nolar amount of NPG nononer units contained in the copol ynmer
chai n becones sifalaneradsbabentte thecadsorbdingnoambyvalbrdahionaniebreakr age
nol ecul ar wei ght M of the 24 oxytetranet hyl ene gl ycol copol yner of the
present i nvent itbaroughoft ifmeo ma8@0 depedddog, opr &her abbg 6Ffokrhe0adsory; 000.
When t he nunber average nol ecul ar wei ght of the copolyner is |ess than 800,
such a copol ymentexisieldi.t £hs typeorad eoeungnpér fhar éipiopeingedddue, for
exanple, to a lownelting point and a | ow gl ass transition tenperature;
howeverl5 an el &oribedpr @@gctthﬁa\%lﬂf& deBherefene el tRattyReOpthd i &OWEhnot be
obt ai ned by usi such too small a nunber average nmol ecul ar melght oxytetra
10 met hyl ene gPFQG ec@SﬁPfP@Ptaguétrgﬁ rReBerdl InFareRERanGReRI thetASinber
aver age nDIecuI t of the ¢ polyner IS 000, for obtaining
a copol yner ﬁ@l gCBBPﬁtlﬁﬁFcﬁmP§°V8 s%PﬁaHrngﬁ%Pgnﬁgrgfﬁre t he
neopent vyl glyc P pol yneri zation ratio of_15 whol e

oxyt et r amet hyl & W& Y‘legsoﬁ'}afgﬁwﬁep%gmssm T PSR Tttty
However, as ex in n cgpQl, n_ra _

copol yner excegcél% élggegl ‘I}{[ﬁ‘g&gﬂt&@t‘% o ?al %eg %gg éﬁgé IBnSI%t %IDQI\I%;

copol y’@;' zat | ;1&{@%‘:9 w‘lﬁt%’%d' t%r{rtaIIx%t '1%8%' giyégl""ébgﬁix{gé%eigecoms

smal | rther) the oxytetranethylene gly ynmer o present

i nvention i ncl udes, Bl o GAROILEIRr bfé%'teC'AIﬁ Qﬁ\é' REs8 Bl eaul abwWRbght
distribution of 1.8 or less in terns of the MV Vh rati o and a copol yner

mol e 25 cul e hauWdid A RRieHH JxyieitdainednglibhBUigh9Bolf cBBbEyme28 bBan 1.8
internms of the Mwv Wnh ra#?% \Mﬁgﬁg n Nﬁ rggre sgn?sothggaelgﬁf aver age

nol ecul ar wei ghdonfds 118 @OPOFMFRhe2NdEYR FEBYEELRE SthéCadsiobBEq aAYRFSge
nol ecul ar wei ght of the copolymer. Wth respect to the copolyner 5 nol ecul e

having a nol eclycfedvaii@t, dingt @ikl mdiztobel a8 sirbe@SErolt the BEEbeBred that
the nol ecul ar weight dis tribution is narrow as possible. Specifically, it
is prefayred thaft tHie usdinecW doMeinght sdicht GisbatiFQn 15 fhisocas€ssthé the
case of the copolynmer having a nol ecular 10 weight distribution of |ess
than 1.8. Such a narrow nol ecul ar wei ght distribution results in a decrease
in an anount of the high nolecular wei ght polyner chains which have very

hi gh ol ecul ar wei ght as conpared to the average nol ecul ar wei ght. The
presence of high no



15 Il ecul ar wei ght polymer chains adversely affects the | ow tenperature
properties of the copolyner and, thus, the decrease in the anmount of the

hi gh ol ecul ar wei ght pol yner chains | eads to an inprovenent in the | ow
tenperature properties of the whole copolyner. 20 However, even when the
nol ecul ar wei ght distribu Lion of the copolyner is nore than 1.8, a

copol yner which satisfies the relationshi® defined by the follow ng fornula
(I') falls within the scope of the present invention: 25 26 1012 X ( Mm Mh
- 1. g) 5 95_ex Vh x 1.2/100) 1.100,(1). 5 The index represented by
fornula (1) ab89§8fgéﬁ8niﬁﬁF?@r?l??e&ﬁEﬁ%?yd?%?% TRY 9% Heex %%%xa%g) shows
a rel ationshi p_between_t nynber _aver nol ecul a i ght and_.the wei ght
aver age nDIechgPuagiﬁﬁt?gﬁnglPi ?ﬁﬁ?Fgggtﬂ%tg?ﬁeaﬁ%¥§%%?gr ﬁﬁégﬂ?e

di stribution na§ be 10 bggaden d skightlg when_t he ngnbeé.agerg e gnlecular
wei ght of the EBBBRAYNRE FEEnFERVERHhi EEreSBREELER™ + RRSRIFEEY™ of *1 & nar r ow
nol ecul ar wei ghit._di_stributi on, t he i.nprov t i I erature
properties becgﬁggtéﬁﬁwyi' nqﬁf‘e %eassoerpo “H coopo yeneérh%%\e/tfenéév%tvr?e 4 15 ti vel y
| ar ge nunber ayer | a | r , fraction
naving 3 rel at LOEPySEnaPront ey Eadebnstiy ba o1ECE, cdp SRR ¥E=La (o0

| evel of the a - i I o] L e rties,
R S A Tt e R e S
presence of hi gl _‘EHleeﬁlf!!sbi‘B_eWeh.thBPEEGEEESwéi‘gﬁtsgﬁ Lo APRMBEDy1EHE the
hi gh nol ecul ar wei ght fraction exerts only a [ow | evel of the inprovenent
in the | ow tengerabyr %o?BQ?ﬁéEb‘?S BEt O efh drgthadn A thee | 1w i ecul ar
wei ght fraction. 25 In the present invention, index a is not nore than

1. 100, preferabkgpunat Wﬁightthaﬂyeegggmeﬁﬁ?ﬁeﬁéeéﬁ%@@iﬂcﬂ@bl{méﬂstBﬁnao- 500.
When a copol yner has a broad no 27 lecular werght distribution such that

i ndex acexceedsolvtd®, sueh ascoppl yaRraaentaonslpstypeischatssshaying a
very high nolecular weight. In this case, even when the nunber average

nol ecul ar wei gifbri gelteghintiihg the ambanpeoft the powpmoleealat waegnopol yner
are lowered by the adverse effects of the polyner chains having a very high
nol ecul ar wei ghkytéheanethgieyrke glycoll copolymerszabnbainhdl énrdheo NW of

t he oxytetranet hyl ene gl ycol copolyner of the 10 present invention is from
6 to 30 nold, Gesbabaleyahdospectifizblipyl ddjThtingopbat gbpglymer con-

copol yneri zation whole ratio (NPG copol yneri zation whole ratio) NWis
defined as theceditaatpencshezgefobethseansing thendeperbgf §pPyc®BP-nononer
units present in the whole oxy 15 tetranethyl ene glycol copol yner, based on
the totld nol afegvdadt el ghle crFteiRpBesPYLERCNBABRLL GAPPIYRAESE he
neopentyl glycol units in the whol e oxytetranethyl ene_glycol copolyner. In
the present inyesEFedRrenwrRdsnBgstrEadhBy FEYRE2Sf PTRPARRS SBECPFPCAPIyY, the
Nw 20 value is calcul ated fromthe inbﬁ ral value of the nethglene pr ot ons
of methyl ene gPOUBSCSE tE LPUEBEREER Shavl WELREE hytien PEBLEES st CERTRE-

term nal s thereof. anq th%ﬁ%nte%nal V§I§g of the gethxlrprotoH% af ,NPG. When
t he NPG copolyﬁgFP?étPSn SFETHRE 8% $ Pes8V 2B rRER B mdFa 3" th&*Y

copol yrmeri zatiqQn _eff (@ l,o d C r i nber
aver age nol ecu&arra%\%’l%é’t%teggf %g?%&} \gppr?:o&g‘e?gkggeagggwg%fbo?%\égﬂgr %8?“8

t enper re. ln. |.t.1.ag ROI a o] er becones
higher%%ﬁan rogﬁgkgﬁ%gﬁg$§?g %g% %§PEEQTRE Fg%ngkggggﬁ§ng§?§a%¥gﬁ effect”
used in the pr i ny.ention .l £ h ri i e lting
poi nt whi ch is%gk@%gbg E&et%g&ggggﬁygggyggFFo%lgPW$HEB%f%2m§Qcg%ﬁnoner,
wherein not onlyd-sdshe regularity of the THF honopol yner chain elimn nated,
but a lowering in 10 the internol ecular interaction of the polyner chains
is also caused. On Hhienot-Bapelando whpethba ARGye9RE! ¥MBAbIatisorewhol e
ratio is nore than 30 nold, such a copolynmer no | onger exhibits the

above- nent i oneghdRRP Inymkitzaldtadnef aekaaihaidngdplvead waitieng hpe1WPG
copoly 15 nerization rati o dependi ng on each nol ecul ar wei ght range. The
mel ti n@Hoi Nt fa takroxyiet-opekt Byeen & igaydon Mepohgden ocasis ldawer ed by

i ncreasi ng the NPG copol ynerization whole ratio, and a copol ynmer having an
NPG 20 copol yneri zation whole ratio of 20 nold or nore no | onger exhibits a
melting point. When the NPG copol ynerization whole ratio is |ess than 20
nold, the nmelting point of an oxytetranethyl ene glycol copolyner is

el evated in accordance with an increase of the nolecu 25 | ar weight.
Further, the glass transition tenperature



29 beconmes mninmumat a point in the vicinity of from3 to 20 nold in terns
of NPG copol yneri zation whole ratio. This m nim zation point varies
dependi ng on the nol ecul ar wei ght of the copol yner, and the m nimzation
point 5 is |lowered in accordance with the increase of the no |ecul ar
weight. In view of these properties, for lowBring the nelting point and
glass transition tenperature of an oxytetk@net hyl ene gl ycol copolyner, the
NPG copol yreri zati on whole ratio of the oxytetranethyl ene 10 gl ycol

copol yner nust I re. Jlpn addition, . th [ar e glycol
copoly mer of Fggsgﬁggeﬁ?eﬁﬁggﬁﬁi8%lﬁ§sgné%8gnf% gﬁ ﬁ%éf%%%gﬁéﬂ%%ﬁgation

whol e ratio wi L L0eeabOvE; MEILL GSLhdANGRe bilo S % AL ISAL PG

copol yneri zation ratios 15 1 e | ow nol'e ar wel ght-side fraction and in

the N gh mol ecplgp wekab! 15a08c)r a8FLan. albenRifgesh LAXCROLS,have made an

extensi ve and intensive stu r produci ng an oxytetrane ene gl ycol

copol ymer havi ng.i,ARr g¥ed h?WlF ?g{ﬂg&ﬁﬁ.}léei r@ﬂ?;lrzbégllg:ﬂgrha fend that,

20 with respect to those relativ ow nol ecu t copol yners which

have a @D!e?“'%&oﬂ@ighkﬁ%?mgroggsgrigeiikeiyetgléééufrﬁgééﬁéénaﬁe rature
becones m ni mrum at an NPG copol ynerization tatio of approxinmately 10 nol d,

and with reSpeQEtEQmE@H§Qgﬁ€|@l?&@hycbbgmyﬁgfeﬁécgﬁsl§imM@t8ﬁéo@§P§|yn?rs
whi ch have a nol ecul ar wei ght o 30 nore than 2,000, the glass transition
t enper at ur e begawBs et PaBYAbLAL rampohlt o¥ hhinolhe rangsi HimerHed d W | ess
in ternms of an NPG copol ynerization ratio. This finding inplies that, even
W th respect tasangethai exbtraxyliohr agehbyliane ghyeel akepatynetkehavi ng the
same av erage nol ecul ar weight as that of the conventi onal

oxyt et ranet hyl aneugltyodl thepekygidnali GivheihPEheopryyaeramathphenati o of
each nol ecul ar weight fraction is specifically adjusted, it would be

possi bll® t o prgdycellBoanlgnegtretannbehybdneedl ook tepelyweichavs ngot | ow
melting point and a | ow glass transition tenperature which have never been
achi eved in theozet thAp a pzedetevminhd wypduefi bulidibst pehymefr ides NPG
copol ynmeri zation ratio of each nol ecul ar weight fraction, the oxytetra 15
met hyl ene gl ycéccenpehying shet hEtpresaan bagenesohnfhnsased harkdt d-stic
wherein the nunber average nolecul ar weight M, the neopentyl glycol
copolynerizati6H0%ﬁ69ethétﬁéONMPFHEPGFGGfthéhéﬁyWéFhaﬁetH?géﬁeu§¢9col
copol ynmer, and the_neopentyl gl ycol copol¥nerization partial 20 ratio Nh
(nol d) of a hi §F fBPelHtAACREPGhRIsPdeMEStuPe FEREVEENPY difELllation.
oxyt et ramet hyl ene gl ycol .co olyner_%atist t he rel at]onshi efined by the
fol I ovitdg f o mifad( FEFELSS K. DRI-ELF2E1RAoPEOCERS 0BREOPPF) dLsadYahnar ei n

Nh is defined th I . t f th 1t . of tyl gl I
mononer uni ts SRESERE7n PRETHEGHRor 8uPaPWEFBRLeS SPALS 1B R FHEL i on,

based on the tg EnngggEe%gg%g%ﬁgaﬁbgegég%gghﬁgpg&gﬁggfnononer units and

the neopentyl g%scol st h ecu -side 15 wt ~
f e O o' 1S P BAERLmL AN RAneLepabLaR HBLEEULRIoHE) DA 100SH de 15

wt~ fraction" is a fraction of the oxytetrane ene glycol copolyner,

whi ch fractionseariespaRdent Rot NRedl §299523 Bakb18ked WhAkenB&aKor
representing thé nol ecul ar weight distribution over the whole range of from
a |l ow o ecul ar-eWRvARY BOadoh 8Y WRkaGH aiswendhtida.i Nsgedetiferngation
chromat ogram of the oxytetra nethyl ene glycol copolyner, wherein the part
is taken on the giide ok Eemoledhunakecdbanitebdbt whaekldi BHet PeesBALFEUM

nol ecul ar wei ght in the whol e peak and wherein the area of the part of the
whol e peak is i% notbased 2Baenot.Bemdaeq ahdt kheWtehpepadkireThe bogh

nol ecul ar wei ght-side 15 wt~ fraction is obtained enpirically by
preparative gekopasgeaci.onusfiedmahonr apdyi(LEFC on Specdfttatd y,an hexy-

nol ecul ar wei ght fractionation of the copol yner nol ecules is perfornmed by
utilizing the deftranetaydene iglycetlecbipodymene beapteshdeheghomaktedul ar 32
wei ght-side 15 w~ fraction is obtained by recovering a fraction which
corres@dnds t oFarthetr,ofsiacehdahd speaithiod dsgel mpehodafioonsepaoabtiogr am of

t he oxytetranet hyl ene glycol copolyner, wherein the part is taken on the
side 5 of the high nol ecul ar weight including the maxi rum no | ecul ar wei ght
in the whol e peak and wherein the area of the part of the whole peak is 15
~, based on the area of the whol e peak. An exanple of a gel perneation
chromat ogram of t he oxytetranethyl ene glycol copolynmer 10 of the present
invention is shown in Fig. 1. In Fig. 1,



the left-hand side is the side of the high nol ecular weight and the
right-hand side is the side of the | ow nol ecul ar wei ght, and the hatched
portion shows the high nol ecular weight-side 15 wt~ fraction. There is 15
no particular limtation to the nmethod for obtaining the gel perneation
chromat ogram but a preparative gel perneation chromatography was perforned
in the present invention. The conditions lnployed in the present invention
for performng a preparative GPC are shown be20 | ow. Apparatus: LC 908

fact d and d by_J ! lLytical dust , oLtd o, J
ot urme: - Shoded SPoDBToshE2FoBBoIAF cotRRGTRRLR FRen el M TG ot ar
ight is | h 25_3..000, d_Sh H20 33
el ght i s 1'ess,Lbans29:3.000. cand. Shedexs 200, HE00Z and LB00 5y ¢

used when the nunver average nol ecul ar

f act d .d. J 2. Det . Dh f tial
i racsometor PRipALEiRY SEPABoReRERpEratire JPRO) a1 8 GELOLLLCRISEEOM L2
th I t: 3 [ R, .San : L L Lty t ai i f
copol yer 10 Ao Ehe RERLEILERI0H AP0 R00L bOB0RGD. ST B0e Lol dul @
f ti : 5 i j f i : ) ini
L o oms: ogranihd EREPEURACURLAE Boolhy BRCLLERD LDrSEE bl Bhg DA Tle”

on the high 15-18LgeHLAbseI BBhaghd8t 868 £8béeChedos@uibaindhethotal area
of the fractions Corrésponds to 15 ~ of the area of the whol e peak

representing tgempBhea¥kainWhoBtedastpbbli oA ENErvidenyhp! 8T anggcof from
a | ow nol ecul ar weight to a high nol ecular weight. Chloroformis dis 20
tilled off frowulmhgumpl.! echeretsns! i atméthda undeasurs tortidiay hiereby by
obtain a high nolecular weight-side 15 wt~ fraction, and the NPG

copol yneri zat i appnateblef tbha pbbaesedihi ghisnl ecalal uei gbhtshdeudbywt ~
fraction is analyzed by 1HNVR in the same manner as nentioned 25 above.

34 The 1@bsci ssdisftialeldr offit ogr am obt ai ned by a preparative GPC, such as
menti oned above, indicates the retention time, wherein it should be noted
that the abscissa of a chromatogram obtained by an analytical GPC 5
indicates a logarithmof the nolecular weight. Com parison of these two
types of chromatogranms may reVvERMARE Qfh e aINMENTI{8hrity bet ween the
retention time and the | ogarithm of the nol ecular weight at the high

mol ecul ar wei ght si d8 shisheitupbiabegkhesPragenty éBvertony haee aBadessa of
an ordi nary GPC chromat ogram show ng the nol ecul ar wei ght distribution is
sonet i mes exteﬁﬂé&nﬁﬁvﬁhénﬁi&HtﬁBFéEGI§FuﬂéP§hf°§iGév?gBPéBS.aF%PYﬁér, a
difference is observed in the nol ecul ar wei ght distribution due to_the

di fferdifce i n CHRYtELEEMeLRYLEnEf ILKECI5CEBPLIMET LBRYIPE ¥R LEBNeVRY, the
measurenent result of a preparative GPC and the asurenent. result of an
anal yt i cal GPCEFEESRE aEs PARPEAIAS St ne S A BN hi Gh 19 T FRACE™ D! unms,
such as those i_ch are used in.the _present invention r I d.
Therefore, al a%hoy T fE HF&ﬁe%EFgéﬁﬁXEGRSiaﬁ 98?d8°§gix§gpf§%§fion is
recovered by a_.prepatati i : S LpMen tiLo LE .+l onsj der ed
that the recovggg%%h% hcé§Pg§ﬁF§?Z&g§gﬁ??s?§é ?g&mgﬁ ?rgg%%gﬁbgég 23w

substantially t8 3aTR:A%edghitACkbolyAb:! Ravaky! 8l [BTBLIYaEGedbKEObECO 25

pol ynmer obtai ned by an anal yti cal action 35 corrésponds to

the areg of a pabh Qf 330! ¢nREYH a58PLEEREALIBE tBRAPERLEGYEAbeWBIng B!
distribution over the whole rangé of froma | ow nol ecular weight to a high

mol ecul ar wei ghts niifum 9&'aBeN@%aEBQB&KREQE%hQQBﬁ”kQEi§ bReapproxi- _
oxytetranet hyl ene gl ycol copol yner, erein the part is taken on the side

of the high nokgeehgr 1vem@dk ,i Reludhes the Bwykedraneltaukbae weigbt in the
whol e peak and wherein the area of the part of the whole peak is 15 ~,
based on the arepodfynieic ptoadueededls. al fellbeiy@1pr BSGAt mbneealagn, the
preparative GPC was performed using LG 908 (manufactured and sold by Japan
Anal yti cal | ndugtightCeopdliyther hapdng asmaleEGlappaedpghs afidmBiredexahi?2001,
H2002 and H2002.5 (each manufactured and sold by Showa Denko K K., Japan)
as col wms, andoolde the glass transition temperature becomes minimum




15 anal ytical GPC was perforned using HLC- 8220 GPC (manu factured and sold
by Tosoh Corporation, Japan) as a GPC apparatus and TSKgel SuperH3000,
TSKgel Super H2000 and TSKgel Super H1000 (nmanufactured and sold by Tosoh
Cor poration, Japan) as colums. 20 In forrmula (I1) above, Nh which is the
nol ar per centage of the amount of neopentyl glycol nononmer units present
in the high nolecular weight-side 15 wt~ ¥Zaction has a large influence on
the glass transition tenperature of the whole copolyner. In the pol yner

chai ns 25 having hi | ecul.ar wei ghts, the.glass_transitio 36

t enper at ur e beéghéggmﬁﬁﬁﬁﬂB%ﬁ¥§?ﬁﬁ% N8 & &%y r oz BP; nOFa?Fﬁsbecones
relatively | ow,.,,herefaore, the.glass.,transition.tenmperature, of the_ whole
copol ymer can gglQ%ﬁ%f%%J5§Jﬂgggggs%ﬁgtfhgvﬁﬁGW3$§oF§ﬁEFF§aFPoﬁ Fatio 5 of

he hi gh I j LS, [ : d
formia (1) akoe (RamE satBtyTeneC Mo, EBPCIIAEE FRRARSTEREChe.) | o

(1) a A | . Al
preforred  hat TREAdae g e e R et Ehe, PYTUE BonBSeibnat i ce,

LS Laphnl ol il B PLAGN RoARGHKIE L hRoBc( okBhye O

| ess than 0.035. "The oxytetranet ene glycol copolymer of the pre-sent

| nventi on havi fzaldatalon heaROYE TH! aRRd yiRal Al S4 Gpebiiilo (4)
exhibits inproved | ow tenpera 15 ture properties an& can be advant ageously
used for pro duGEing @l@RidtedRPEHE kA VWNNEHRX aRl1lcRMl aR QRELHIES s ThE

met hod for producing the oxytetranethyl ene glycol copolyner of the present

i nvention whi clrdid@inmothdivamead liawywoamRebatl podspiharekbi 86thsneXal ai ned in
de tail below. The nethod for producing the oxytetranethyl ene glycol

copol yner of theytedenie thineied @1lyeopicoped ymebhedtingg ekeknabydr abyr an
and neopentyl glycol to 25 a copol ynerization reaction in the presence of a
heter 1@B7 opolteagetataira tiopelritd e&o@daley, TEbIrz @kiamp Legatiol ABwbhaedding
continuously performed in the presence of water in a continuous

copol yneri zat i @oindacnet lwhi |gd asen ttiransusliynf ¢cetipeg attatreb whakid pabpran and
neopentyl glycol to the continuous co polynerization reactor and while
conti nuousl y r emiiesy hgatee memeirc freien npadrigedicda ithet laertcopBhyhizer zat i on
reaction so that the anount of water is adjusted to a | evel wherein a

t wo- phase r eacttibén psigsenh iigviegriaad havighifomndogpeits déheapxyitgimiac phase
conprising a solution of neopentyl glycol in tetrahydrofuran and having a
neopentyl gl ycHeRIHENR HOT SPPolgmes. 05 the3 Pregenghtnventiondcgn t he
wei ght of the organic phase, and a tetrahydrofuran/aqueous heteropol yacid
phase cohpris P§ 635 1d Yo ARAGUSs P Ya s RGFETID h dedrahaoFe&g aBaeiy st in
tetrahydrofuran and having a specific gravity of from1l.8 to 2.3, wherein
the conti nuous EORS¥er igg'ﬁ'tqoc}n ﬁpeé‘cﬂo%ﬁliyér‘efdﬁﬁtﬂﬁé’d TRACite Ofar-ft &PFi ng t he

t wo- phase reactjon 20 s

her.eby .f I [ [ i
e Core HR A e R AR L gt

oxyt et ranet hyl olxn%r avi_n .numher .avera nmpl ecul ar. wei ght
of from800 to {é:rcleﬁloa (r?quacft |°on-t?lgr r]r:gglct%eltolrﬁaﬁ&(?rtgfnuFvgg:%gql‘f(ltalg&g’ -8

Cont ai ning.the Brarraet fi ne oA e Ay PRE TR CSoelEter i 2at  on
reactiojp m xt Unge fbunt of water is adjusted to a level wherein a
two-phase reaction system is formed which comprises an
organic phase comprising a solution of neopentyl glycol
in tetrahydrofuran and having a neopentyl glycol con-

centration of from 0.05 to 3.5 weight %, based on the

25 weight of the organic phase, and a tetrahydrofuran/



separating and purifying the oxytetranethylene 5 glycol copolyner fromthe
reaction-formed organi ¢ phase. Tetrahydrofuran (THF) and neopentyl gl ycol
(NPG) are raw materials for the oxytetranethylene glycol copolyner of the
present invention. The copol yner of the present invention is conposed of
these two nononmers, 10 but it may contain a small anmount of other ether

t ype conmononers. Exanpl es of other cononoh®rs include

3net hyl -t et rahydr of uran, 1, 2-propyl ene oxi de, 3-nethyl oxetane and the |ike.
In such an oxytetranethyl ene glycol .copolyner, the, copol rpzatiop ratio
of 5 15 compnofBiegtRePEERARPRREAFLd, RBSSEnEP IR  CRARTOR NPEIERaRePE 6 1o 30
nol d. The hetergpol %cid ﬁsgd as ? goLénerhzgtignicaEa%¥sﬁ én %hg resent
invention is af a&%e8brars 8r8§° FeCtontBhga¥ Pon'Br “an" OxT Ge°or At | east
one netal spe i .sel ec . UR.C i stipg, of | ybdenum
(M), tungsten%%vgb§%&%§a%a§§%ﬁ$f%?jggggggﬁ §§y§g§h %fgoFﬁe%Ugfegg%ts, such
as phosphorus (R)s:+Si.Li C (Sl seni , i , on (B)
titanium (Ti), %é)grl.tﬁiﬁb(cg?eaﬁégés 5 ?H%%Sgcé]?}l‘hrelgg%oq;r?%g;ngl%%ao}:g?%é 25
met al species e ofyspetals 9,t

consist?ﬁg of &ggxwﬁgnggéfg%ggga?ﬁgg ?% ?Egkﬁg%ggoégfggﬁ?@ ?OP%? éggp

el enments in thes 0 b d kS a3 r C} be in
the formof a EF%EEE%SFgg¥gngngra§ géﬁ?e%%8?§g§¥m%%gcgg?éggx%ﬁ%?gg of

het er opol yaci dgean@ngalahs uhkehe®bal BebddenPbREPPLERENEEI 6£281 fresh _
phosphot ungsti ¢ aci d, phosphonol ybdotungstic acid, phosphonol ybdovanadi c
aci d, phosphonalethdeldrasu@uanadi ehastdy @Q@éﬁﬂ@éuaﬂét?ﬁﬁﬁﬂﬁi@héCéﬂy-
phospho 10 nol ybdoni obic acid, silicotungstic acid, siliconolybdic acid,

si l'i conol ybdot wegstame tagilénesSiglliyeonokypdoiegst 8tveaadneésapbdsible to

ger manot ungsti c acid, borotungstic acid, boronolybdic acid,

bor onolydbdot ungsiti endgi puridEyonhkeybdpvagadircwachdut causing the clog-

bor onol ybdot ungst ovanadi ¢ aci d, 15 cobal t nol bdi ¢ acid, cobal ttungstic acid,
ar senonol ybdi ¢ gigigd ofaasenotiengationatube &ndaaocvhgbilt cbrnctlie aswol-

ceronol ybdic acid, and netal salts thereof. A preferred heteropolyacid is
an oxyaci d obt dilddd igattiee odndbesdtipdn bfitanleri e vEcavereasreope net al
species 20 selected fromthe group consisting of Mo and W and an oxyaci d
of at |east onelabdeediiodel ethedrfesenP bridersiion nhashebgrrseompleteht i on,

t he copol yneri zation reaction is continuously perforned in the presence of
wat er in a contiasesuencEHS pRevezaersacredctonrddhBEe con 25 tinuously

f eedi ng tetrahydrofuran and neopentyl glycol 40 to the continuous

copol ynet i zati on r eA6FOFIdRGL¥ni L& &8nEPnBBUSFY PENBUENBTGAERE WAVER-| s

by- produced in the copolynerization reaction so that _the_anmount of water is
adj usted to a V8 t\%@r‘%?ivﬁd& %%h’&&g’:%‘&éwgﬁng 8y¥fei FEPPYYREL. The

t wo- phase reacti.qn,system.com.pri ses .an organi c_phase conprisin sol ution
of neopent yi - gIaGE ERT A IPGPYEan 8 d CRADERE AT R BRRREST LGPy ABE -
concentration r .05 . [ b on_t.h i o] .organi c
phase, and a tg%?;f%ghgﬁgbf&%agfgdﬁgégghﬁeﬁéggﬁoF?gcﬁawgﬁggés(%géggﬁéfter,
frequently ref%ﬁkﬁpt%%ﬁgfﬂ% As a "catalyst phase") conprising a solution
of an aqueous heteropolyacid catalyst in tetrahydrofuran and having a
specifigygravity of 1hrom bndth@r2oBet? bR 9RBCHRbseAR ZRDYAEOHS to

het eropol yacid is spar ingly solublé in an anhydrous THF, but well sol uble

in a mxed sol yghk iRlceRARRENRY #dH BFoAuSHRY tREPUBbLvRLmeAtebnka THF.
Water, THF and a heteropol yacid can be m xed together while adjusting the

amounts of wat ejxyt2@ rhfe t3Rd At gnoRehyaebd1iferakuesnWekhiBitBekfn-r espec
tive ranges wherein the resultant m xture becones a heteropol yacid
solution, to thaela akaitempesattassprpbaseibavi ng a specific gravity of
from1l.8 to 2.3. The reason why the reaction systemused in the present 25
i nvention separates Iitnti@ kwalphasethefatBigc@nodr §aBi preséhtphagenand a
catal yst phase, is not fully elucidated, but it is considered that a snal
amount 28 wat ertiich aeompdiovdided at metthedh€ber efidkeyadivdly\V\Bepairheiapeanti c
gravity of the catalyst phase is 5 less than 1.8, the polynerization rate
is markedly low ered and the retention tine in the polynerization reac for
becones markedly long. As a result, the produced oxytetranethyl ene glycol
copol ymer has a broad nol ecul ar wei ght distribution and exhibits a high
glass tran 10 sition tenperature. Accordingly, it is preferred that



the catal yst phase has a high specific gravity, especially a specific
gravity of 1.9 or nore. However, when the specific gravity of the catal yst
phase exceeds 2.3, a part of the heteropolyacid catal yst contained in 15
the catal yst phase precipitates and the catal yst phase becones a slurry.
The precipitated (solidified) heter opolyacid catal yst noves rapidly

bet ween the catal yst phase and t he organildt phase, thereby causing the
catalytic activity in the organi c phase to becone high. As 20 a result, it
becones difficult,to_groduce a c golénﬁr having a garrOM/nnlecylar wei ght
di stribution wWRPCHTYEDEHRE; ﬂ%‘dtﬁg EREthELeBE ATEGP4I GRPCTHhe FPHURd
state. In addition, since only the acidic,grou t_the suriace of the
solid heteropoPﬁﬁﬁpaeeﬁﬂPEangngaﬁﬁlQFVteEgaﬂﬁgﬁ¥??9? PhECRE eCPRPtHEi on of

oigcilve acripobne 9 BEMRBCRES! e Totee
cat al yst phaseognatﬁgnagﬁﬁ??%%nsgg%%n?aﬁdxfﬁgn%%%ﬁﬁﬁyo#ﬁ%wﬁéﬁf%%ﬁéé|hated
het or opdl yact ¢ LR WRECh PN Shount f water coor di nat ed ther 6fo i s 6 mol es
Phase at room temper BPuretBACETea T BLre" 1003°GRer o orsT TR Sk o te

obtain a catal y3htBBaECcRALhAIpReSBAE ihGeAE YA i 0L ﬁeBagFaﬂeﬁ@)tshe
anount of water coordinated to the heteropol yacid nmust be Tess than 6 noles

per mole of thenhgkesRRRhKalbnathd akt 2PBH! hBOEBd1bRahgt etapeEkf i C

gravity of the catal yst phase is not determ ned solely by the anount of

wat er coordi naigedctr@pithenhahar enel ¥ppeddeandibhat threspesi Ebfingedvbhy of
the catal yst phase is also influenced by the anpbunt of NPG contained in the

reactiamp 20 sysgtiem and hbechBHRAALUGRaRfingBe reaction system In any case,
under the polynerization conditions enployed in the present invention, for
obtaining a catal yst phase having a specific gravity of 1.8 or nore, the
anount of water coordinated to the heteropol yacid nust 25 be less than 6
nol es per nole of the het 8RIBEI PESCRIPTION DR THE PRAWENGSI nvention, the
NPG concentration of the organic phase is maintained at 0.05 to 3.5 wt~.
Her ei nbel ow, the ef flactbeofirawiingai:ni ng t he NPG concentration of the
organi ¢ phase at a constant value is ex5 plained in detail. In the

pol yneri zati on reacFion &f shawsppraserempagenti angepoprprBeatire ehsAgat ed by
a conplicated reacti on node which involves a sinultaneous occurrence of
nul ti pli® react ME9IrsmcREadhg PrRVILRGTERELENILEPFoPYHEPL EOPLAYMER Bf THF, a
termnation reaction of the living cationic polynerization by_the hydroxyl
group of NPG &h¢ RTESSBItyHBVERALPHn PBACh dA1ESipAteErnGPE BRAGEPER oN

condensati on between g . hydroxyl grouyp.,of a termnal THE unit_and.a hydroxyl
group of eitheW?&gﬁérﬁFﬁ Fl%§¥ﬁﬁ Qi 8r°§H%ﬁﬁéaW858¥EFPemﬁéxcPﬁec°'

pol yneri zation _reaction_is_perfqrne nder._condi.tions erei.n p mer
chain consistiﬁﬁﬁgpefHwaFﬁ ni%%etﬁg%Fegﬁgﬁ FﬁdfhéscgpglﬁﬁgF 8 ig

consi sts of THE (THE HARRALY IRY 48910 )thewg‘iig ti_aaahoggagd sRy tﬁgge li ving

cationic polym erization, has~a broad nol ecalar weig istribution, the

final tetra | | in iah | wei ght
Oy Ry 3 gl ﬁ%%hg@ﬁ%ﬁ%%%F;#%Q@hﬁ,.%nﬁ Qgg hgggggg gar g

pol ymer~'chain having a long . r region and a 0 a low
mol ecul ar wei ght ROISHIRSs @l %i@%yh@Qe%uﬁﬁgr%eiﬁﬁt&%ﬁ?%gﬁﬁggﬁgr%r%5—9|On

Therefore, the nolecular weight "distribution of

oxyt etramet hyl ang o 3heC QR ETRanethyaehd bhgcbqn@b?dq&mkae Wk ch

honmopol yner region, and the polynmer chains having different nol ecul ar
weights will caHRaitonukoirdeisdpdnds e thamardel 3 anpuitt off MPGhodeFor
produci ng a copol yner having the above nmentioned conposition, it is
necessary to seleed inegine seertfioigntike nd1\ectg aGatve@ding [@dlsitramutaiongn of THF.
Specifically, the above-nenti oned copolyner is obtained only by naintaining
t he NPGgoncentwhadredm ahe harar i) HakinC ophade atide edngthanthigh we-i n t he
range of fromO0.05 to 3.5 w~. It is considered that an appropriate anount
of NPG functions as a surfactant for the THF honopol ymer in the catalyst
phase, and this enables a | ong THF honopol yner to reside in the catalyst
phase. 15 The NPG concentration of the organic phase nust be maintained
within the range of fromO0.05 to 3.5 wt~, and it is preferred that the NPG
concentration is of fromO . 1 to 2 w~ , nore preferably fromO . 1 to 1
wt~ . When the NPG concentration is nmaintained within the 20
above-nentioned range, there is a relative decrease in the NPG

copol yneri zation ratio of the high nol ecul ar wei ght polymer chains. Wen
the NPG concentration of the organic phase is less than 0.05 w~, it is

o o v T o N ~r- 1




45 and, thus, the produced oxytetranethyl ene glycol copolymer exhibits high
nmelting point and high glass transition tenperature. On the other hand,
when the NPG concentration of 5 the organic phase is 3.5 w~ or nore, NPG
significantly causes the term nation of the living cationic polyneri zation
of THF, and only pol yner chains having a very short THF pol yner region are
produced. As a result, the nolecular weigh® distribution of the THF
honopoly 10 rmer region becones very narrow, and the NPG copol ynmeri zation

ratio of the hi Iecula Rol yopr chains in the | e wei ght
st ri but i on of M A NdaP ST RgPERB Syt Beo o R dRamy et ShudBret et ahEL | vel y
hi gh. As explalne above,. in t gh, nol ecul ht .1 ol r c¢hains,

t he gl ass transﬁ}ﬂgﬁaﬁ%ﬁﬁ'rgfﬁgeagg ﬁgglﬁlﬁﬁﬁuﬁfﬁﬁeﬁftﬁgeNBé£§ of

copol yneri zat i I Iy n el ansit]
tenperature ofqgﬂg%&%q1eigf%tg%rgﬁethy eﬁgaggycoﬁ cgggﬁyégrgggnhggl?omered
by decreasing t qﬂNPG copol ynerization ratio of 20 the high nol ecul ar

wei ght pol ynmer ¢ ai'ns. In the nethod of the present invention, water which

| s by-produced during Zq[ah% Gapgl %ﬁ%lné%&boﬁléﬁé%i Qﬂo{'ﬂ%ngegﬂ"éﬁamﬁg‘the

conti nuous copolynerl tion reactor. In a cohtrnuous reaction he by

25 produced watgy {r t&%‘iﬁ%‘é%d Rgﬁ‘ctt'i%nr Egﬁttlefﬂ”uéléﬁt £8k Préﬁuéiﬁ em

reaction ed in tre ~ the cata_ ter contain eci~Ic gxavli.tY o sé& and a
th tre anmount rE%é(Bﬁyféﬂéﬁ%e%ﬁyh%%eobﬁ%@bﬁ BbBoliReXede! kRel PEEERAES 2
trerebx causing ioxmprat ~,s~"insteadad o,~ | YSt prase~ ase t0 becone un
reaction systemmfetids I catalyst P s a single Prase Trexe~oxe~ Won be
must system ~xm eaction sYstem | Zatxon xeacti 'ntaxn tre x ex a~. 5 a
tWOrPrase ring tre plign st e a0sahem@titCcanaganih phodiagdaduthee &faction
sY | Yst 'erase at a renoved ~.xom of the cats shod ea~. ~~c 9xav~tY i s made
on a nel®xa. za amgl d wiatthen cenGapabYs pYelduetipnbeleVWemanserdpfducpdoduri ng
th 1 ~exe Water bY"Px on cnfox renoving resent ~.nventi tre bY_ Lion
xeact ~n' netrd dudimy RhéatoxgteteaGethydener gl$cntecbpelymes ofPbh¥nexX
cantinaouslY ~ resent rises a nt~n nast be renoved | oYed yn tre p system ~5
p xoduced WAt erprEsentetinyéndripnt:re reachn ally P actson system ving Water
~rm axe axetxoPrc rexe ntson ~x xemr Water and T~~ temand T~~ rs ~s rove
netrod ~n Wic the Fdaot doAsspssehemplidic WiRgrap. shgwang-~an-gsampaee in a
tre axe dystilled tre reaction mx ~ T~F renoved by eotxPic turned t tre
amount case t rf ghe copringions purifdgatien EHStREs fQrpPRTERFBRIBE e~. ~C
distillation'" x and T~~) may b tre Baseus pra _txP y~lati.on of Wate ~i 9 ~ 2
~ Wexeth di sc SteRngoWen purddigatign m&FhEQnW§FﬁPnQStHéegzéaFrBBrc vapor
is withdrawn fromthe r ctlon t¥sten1or al t rnaglvel% u5|n% t he
system shown irf Y% thh OXEitH SRR RY HePEn 9Ly 5P ggﬂgfand Pfto the
organi ¢ phase and the catal phas 5 followed by the withdrawal of the
azeotropi ¢ vapdt- of° t%ﬂ’ Q%&o? ﬁh the method in which water and THF are
removed by azeotr opi istillati m.a .r. n m i.ning both
t he organi c phase aFg' h§ cat%l?ggemﬁgég diggslncgh?ﬁikﬁnﬁﬁgracflongof
water in the c y.st e i I 0 f ter in the
organi ¢ phase, a&nﬁl e ﬂfp;}?%ctclogﬁqg o8 ?Qﬂf&tgﬁgg?gt %&g%%h 209 \ggnl c phase
and th ataly h h r e.Qr C
phase. Q%ﬁerefo?%nﬂpﬁﬁg1%§aE@%h%&ekéiggﬁgﬁ erégkt@%§§%Pbﬂﬁlkhhﬁghg§gaater
removal effici engmy diakyd nietthed okl tehirahedRydbdaniyd yebaseopbs 19mBar gked
froma catal yst phase and water is renoved fromthe Separated Organic
phase. Further,tid grhisen®etin@@ntaonowering of the inner pressure of the
reactor 20 so as to lower the boiling point of water is effective for
i nproving the water withdrawal rate. However, when water in the reaction
system conprising both the organi c phase and the catal yst phase is renoved
W th THF by azemgaiptidirsiofl Ratfie@@nce prugeragscontrol of the 25 reaction
tenperature may becone difficult when the wa 48

25 1, 28: raw material tank




ter renoval is perforned at a high reaction rate such that the | atent heat

of vaporization necessary for the azeotropic distillation adversely affects

the reaction tenperature. 5 For renoving water while maintaining the stable

pol yneri zation reaction conditions, it is preferred that the reaction

systemis separated into the organic phase and the catal yst phase and,

then, the azeotropic m xture of water and6THF is withdrawn fromthe organic

10 phase. In this nethod, it is preferred that a part of the organic phase

wi thdrawn fromthe reagtion §¥sten1is returned to the reaction systemso as

to achieve a predeternfhed 2tEWtion time. In the present invention, the

Conpr 1 Si NG an or gani o Bhasts FPEVS CSRRRA Bhate *ahd oot of the

copol yneri zati on reaction RL ceeq§ in.the catal yst phase. For increasing
. . H efrige an : S

the reaction rate, it 15 necessary to increase the efficiency of contact

bet ween the 20 organi c. pha i,0] %ﬁ SQP [£h are the raw

mat eri al nononers and ?he %ﬁ%%@g%ﬁh%%%géI ?éﬁgh t %Q%%Iynerization

reaction site. In the presgnt {éﬁfntion, the reaction rate is increased by

appropriately controlling the shape of the reactor and the efficiency of 25

agitation so aglt91{npﬁovebéﬁﬁéﬁg{ﬁ§iﬁg§giof cont act . 49 Herei nbel ow) an

expl anation is fade'with respect to the shape of the continuous

pol yneri zation reactorgandrihg,fdi ciehCH Alg agddiat i on. The continuous
pol ymeri zation reactor used in the 5 present” invention nmay be or may not be

equi pped with a bafflegon tipe/areFr yedbragd tdexreactor. It is preferred
that the polynerization reactor is equipped with a baffle. Wth respect to
the liquid contentg,i n4ths, pohynesizalion, react orpuhpe L/ D value (wherein L
repre 10 sents the depth of the liquid contents in the polynerization
reactonoand D represenss téeagopatiet wéssde pol yneri zation reactor) is
preferably in the range of fromO0.5 to 10, nore preferably from1l to 3.
There is no particul atéti nre¢eattbon wiktuespemikto 15 t he norphol ogy of the
inmpeller. For exanple, the inpeller is selected froman anchor inpeller, a
turbine, a propeller,1l&: plmieebl ade puddl e, a curved bl ade puddle, a
Pfaudl er type inpeller, and a Bulmarzin type inpeller, preferably from an
anchor inpeller, &%t uddinecerbrifpgabahdbecairc plibel bklatThen | apparates my
have an an Bled blade or a pitched blade. The width of the blades greatly
vari es dependi ng 88t Bé:t ypestibiphbPgy9l@Pnt he inpeller, and is not
particularly limted. The nunber of the blades attached to the shaft of the
im25 péller is generafty §¢eaP9®¥o 10, usually from1 to 3. 50 However,
an inpeller having nore than ten bl ades and an inpeller having only one

bl ade can be used withoit LIAERFRGSERFRET obP¥M Wth respect to the size of
the inmpeller, it is preferped t the value d/D (wherein d 5 represents
the di ameter of the b%gae ?e?%gﬁéﬂpg??%r, which is twice as long as the

| ength of the blade of,the jppeller. d D represents the dianeter of the
pol yneri zati on reactoé}'ishéggﬁ?%.ﬂe?%go.QS, preferably fromO0.3 to 0. 8.

The preferred range of.the i e t i r atly
vari es depending on t %'st?%gggtga%gp?%geﬁﬁpifYég% ?%*%§€1t %

revol utigon speed of the stirrer is controlled in accordance with the
structures of the reactor and inpeller so as to give a notive power (P)

within the desired ranggzrRarp seSekhyribk bP PhE! enyeNTLBAt the inpeller
has a structure such that—a farge notive power s obtained by a sl ow

revol ution speed. Opg BREh@HpESE bEPER¥I pHebbftaghi@htoonef thetengy of the
pol yneri zation reactor is to increase the notive 20 power. Excell ent

agi tation effi gireRerelss ancbikgvedruhenniienaoyiyeonovepol Py}, applied to the
liquid per unit volune thereof {wherein P represents the notive power (kW
applied to thethigeddbyncbpelimactiainantdeYraRpaebentant badvakupentyi) of
the liquid in the reactor} is 25 0.1 or nore. Since an increase of the P/V
value rs 51 gulseli,nhavingcthas€otliowhagr enaraonerabeickt (13 poeferred to
make the P/V value as |arge as possible. However, no further inprovenent is
achi eved even when the P/V val ue becones larger than 6. 5 Further, for
inproving the agitation efficiency of the reaction system it is preferred
that the ratio of the volune of the catal yst phase to the volunme of the
liquid in the reactor (CV/V) {wherein CV represents the volune of the

catal yst phase in the reactor and V 10 represents the volune of the liquid
inthe reactor} is from0.1 to 0.9. In the continuous polynerization
reaction of the present invention, when the CV/V value is high, a
satisfactory polynerization reaction can be achi eved even when the
retention time (V/F) of the raw 15 material nononmers (THF and NPG in the

. I e M - S 7 NN\ Y M T Y



52 centration of the reaction systemis preferably 1000 ppmor |ess, and
the | ow oxygen concentration can be achi eved by performng the

pol ymeri zation reaction in an atnosphere of an inert gas, such as nitrogen
gas, 5 heliumgas) argon gas and neon gas. A copolynerization reaction

m xture obtained in the above-nenti oned manner can be left still after the
term nation of the polynerization reactidd to thereby effect a phase
separation of the reaction mxture into 10 a reaction-formed organi c phase
contai ning the gxy tetramethyl ene glycol copolyner and a catal yst phase,
and only the régﬁtion formed organi c phase can be recovered to thereby

renove a |l arge partéQLothed%%égnggégulon ﬁ?%%& stg%oné% dﬁkn t%&
reaction m xture wever, Since E "€acton-t 8§rme organic se
contai ns unreaglgd, terlal nononers and a small anount of the

catalyst, it is pre erre "that further separation and purification of the

copol yner is perforgg?lfypﬁg§¥%e(%§b %Fth%%k%rn'%%bt%%'%ﬂtt%v%Q%gég nmet hod

for separating and ol yner t he "copaol yner can

puri 1ieg by anoGQRYERL] ABALABOgha FOke SXAMLE o of a

purification met enployed 1n the prior art, such as %hexanlne Japanese
Pat ent ADPI Lcalibonnkail- CReta Fpest theal bae @pflo@-ﬁlzg 0, 50620333 8o

61- 120830, Sho 61-123630) Hei 53 87951, Hei 1147, Hei 10-87811, Hei
10-87812 and Hgbwlgg8(§1$ Her ei nbel ow, an expl anation is nade on one
exanple of a purification process which can be perfornmed after 5 producing
a copol ymer by the nmetigd 0fndileR@ulaes Gl ghRVafkiteRvuthenobgani.g pease which
is separated fromthe catal yst phase is subjected to distillation to

t hereby renpve a poLessninftdiifs refetie Ny /Mn tet 0F gag ¢ phase. 10 It is
preferred that the tenperature for distilling off THF is in the range of
fromd4Qoto 100 C. Sindeig araldlezmmamt welighliedpekytenitzani offi makral yst is

al so di ssolved in the organic phase, the exposure of the organic phase to
hi gh tenperatures fbhan 1lo8ginitermsyofl SthoaMwe/ M ofH Eivs, wheateias Mw

depol yneri zation of a THF ter urinal of the oxytetranethyl ene glycol

copol ymer, and i ncoapdriui satbsfy hthemekatcshRA® ideiindke by the

oxyt et ranet hyl ene gl ycol copolynmer by the dehydration condensati on between
a part of the unrea€e&doNPm afrerminka ofd/) 20 t et ramet hyl ene gl ycol copol yner.
Therefore, the dis tillation of THF is preferably perfornmed at a relatively
| ow t egger at ure whi ch i s natglhi gheww pipan- 7P, §3°-fbre preferably 50 to 60 C.
Further, an optimm range -ef—the—distiHatt+en—pressuraomy sliphily vary
depend 25 ing on the area of ekpe(igaak Lrapsbey and the retention 54 tine
in the reaction systen1 but the distillation pres sure is preferably in the

range of fromO.1 t it |t f h egr ee of
vacuumis 200 Torr gr nor e e"rgéfb ﬁ'&qntde%s}r% ng i Z)l&;"%peraetg'rgl g’%m% g cool i ng
medi u or coo gnan gpgg i ol it ure or
hi ghe:nZBand thltagegi’e(gfo agffs;u{r?o#&g‘bog%?’owrﬂéor eﬁlls p tﬁ’el or

i nproving the t r sgiljat
pref erably per gg?nggb%g@?r%%%glggg‘g%gi%r]ieat% I\Yex = dﬁggﬁjdr 3{&511%

hydr ocar bon hayibler6pbecdRtegs bentas OmokiB- Gk onssher e £dghysscar bon) s
added to the organic phase to thereby renove the residual catalyst. A

C6- C o sat ur at adnbyeiroaaibenpresehef of abhy wisere f Oy ¥ erbathéghyengat al yst,
and exanpl es of such satu 15 rated hydrocarbons include cycl ohexane,

cycl ohept ane, glgkoactapelyayel obasedecon Cyled otietahemo @ hytheyiet opent ane,

met hyl cycl ohexane, 2-ethyl hexane, n-hexane, nheptane, n-octane, n-nonane
and n- décane. Aheetetihahgddofunanohohdeesatnt td eandytiiocasdpentyl t he
organi ¢ 20 phase, the organic phase has the follow ng conposition: 10 to 60
wt ~ of an oxyt gllyepdt huliéseinl ybel whopel gxetetianotidplene @iydd¥ @md 10 to
89 wt~ of a saturated hydrocarbon. A saturated hydrocarbon is used as a
poor sol vent foplymewolubnfi zing the heteropol yacid catal yst 25 dissolved in
t he oxytetranet hyl ene glycol copolyner. 55 However, when the
oxytetranet hyl ene glycol copolynmer is mxed solely with a saturated

hydr ocar bon, the copol yner and the saturated hydrocarbon separate into two
| i qui d phases and the saturated hydrocarbon is incapa 5 ble of exhibiting a
satisfactory effect as a poor sol



vent. For solving this problem THF which is a good solvent for the
catalyst is used in an anount such that THF functions as a surfactant for
preventing the phase separation of the oxytetranethylene glycol copolyner
10 and the saturated hydrocarbon. Therefore, it is preferred that the
residual THF is contained in the organic phase in a m ni mrum anount which
prevents the phase separation of the saturtated hydrocarbon and the

oxyt et ranet hyl ene gl ycol copolymer. The saturated hy 15 drocarbon is used

in an anpbunt which i not |.ess than the i ght, of .t he oxytetranet hyl ene
gl ycol copol yner so(gﬁatat?EPEﬁﬁYﬁﬁﬁiﬁfQ1 é%ﬁ%ﬁuﬁ??tﬂﬂﬁﬁ%ﬁn?%ﬁ? ively as

S o0 110l ent PORePUAGE: G PHE Y0 cAPA) DECPSCHYY §1YGP) SHAPLPARDUAE of i he
Cat ur bt edhych GCRPDIRCAR e Ao o CBBHE T OFE ot ne Eoyeh Arei EHaT yst  phase
o gani ¢ phase PAYeRacBBPuips”s Ana PndiRRORRREY rhBoR EoPbigHeRIE. ' o 4
filtor o i o Btary EERSnAd, FaBRbony: (HRLEL F £y Melecfiln 5000 '

process, the a%%&ghtqéihaeé§ah%&y§&apﬁﬂahnéggtka 8E2F8§¥5ﬁé£§?ﬁéﬂ¥'e”e

gl ycol copol ynmer becones 1 ppm or [ ess. urt ecreasing the

catal yst cont eglyeb1 Bep@x¥hek! 3474 BrycPReOLUeAL 1 GABRLYMBLF1HDS ByOANI C

phase as such can be con 10 tatted h a solid adsorbent, such as an

activated carbene ¢3hdbWIngXird@muiBINESHUM oxi de, cerium oxide, zirconium
oxide, alumina and silica alumna. The treatnent with the adsorbent is
performed at a tenperature whergjn neither the solidification nor the
boi 1ind015 of the organNs phhse ocdcdis.” 16 Qedratl, the (Iddat ment with an
adsorbent is perforned at -30 to 100 C, preferably at 0 to 67 C, nore

preferably at 15 towﬁgr%inTRe fgoauél}_irpé%tglg Wéi’@%‘%ﬁ ggéfgéé/ﬂa%ér’l t he

oxyt et ranet hyl ene glyco copBIyner can be decrea ppm 20 | ess by

treating the organi gePhRage albhiit2080hbpaHEPL P§yeo AimakbhyAt €d carbon is
preferably used as a solid adsorbent for renoving the catal yst. The

resul tant organic phasesCpmBkeftnNdnt BRe ORYERT haMBERYLBNRe G4 EOl COpOl yner
is a mxture which 25 additionally contains THF and NPG which are raw nmate

57 rialismnonmers angdidesabuidkedrhydionar babedsel tRE tetADVMOYathe
catalyst. Such a m xture can be subjected to the bel ow nenti oned
purification nmethodasbuhlteofir ehentetpdRPpErofutanr aohymerHoniNPG and t he
saturated 5 hydrocarbon. Alternatively, the m xture can be sub jected to
the purification neehddtbe heeppnegénylyav@nuhiva aht ehedhsyhl hong of f THF.
Wien THF is distilled off fromthe m xture, the resultant m xture separates
into a saturated hydecvdriyowepbhtesand ah wk§t éraatioOnpet hyl ene gl ycol

copol ynmer phase, and the saturated hydrocarbon phase can be renoved from

t he oxyt et ranetipréd® ¢FhecbiisbopelerudaphuséghtheidrudSontdi feaction

oxyt etranet hyl ene gl col.copokyner phase is a solution containin% 30 to 70~
of an A&t et r akst By f&EREtFHOPcOE Eoe1oxysrFrepethbydeneo Iigcodf CRPIARET30 to
70~ of a satu rated hydrocarbon. NPG and a saturated hydrocarbon contai ned
in such a sol uMPdFRc dXa5E 1PBEPEFEEPOREE &Rl FheneTpar PEi 8aPRoh Rét Rod of
the present inv n§%$n, but al so the conventi onal gurich ign netgods, such
as a 20 met hod % PEEY HFPOTELRAEd thEpIREE VA Feﬁﬁlﬂg%l CELEON-
Lai d- Open Specif.i cation S. i, 9-291147 i 10 87813 and i 1-92221.
Fowever i 1o OB YRR PRAbRONE SAPEF: Gt FRT & L&V BPABEUBYT: he
purification netho% of_the ention ich co i ses._sub.25 jecting

welg t to a rﬁxﬁb%s%%t].el&ﬂ\iﬁrl rngtlg rt}: 1n5§ g% tﬁ)ermea ion

the reaction mXxture to contiiuous s e presence of

fresh tgtrahydr@f t rat [ 0 C

pr essurzg5t of frc?% r“%g'%’6?%8?:&?%%8%?82%4“8??2&%8?0 égaﬁlbg?ﬁgﬁgg'%gd in an
anount which i | e t t Laht _of e re ed.diol contained
in the reactio%h%?%?ﬁﬁgﬁm%géﬁﬁéggbﬁ%gggtPﬁ 3#? Fﬁgeuﬁ?egg%eglgbo °fromthe
reaction m xture together with the added tetrahydrofuran. By the use of
this method, it becones possible to separate the unreacted NPG wi t hout
causing the solidification of 10 NPG in a condensation system and the |i ke,
and the separated NPG can be recycled to the copol ynerization system In
addi tion, the obtained oxytetramethyl ene glycol copolyner is thermally
stabl e because it contains only a very small anount of | ow nol ecul ar wei ght
15 conponents which are easily deconposed by heat. The oxytetranet hyl ene

gl ycol copol yner obtained by the method of the present invention exhibits
hi ghly inproved | ow tenperature properties due, for exanple, to |ow nelting
point and | ow glass transition tenperature.



20 Therefore, elastic fibers (e. g., a polyester elastic fiber, a

pol yuret hane elastic fiber and the |like), a polyurethane resin, a polyester
el astomer and the |like having excellent | ow tenperature properties can be
produced using the oxytetranethyl ene glycol copolyner of 25 the present

i nvention. 59 Further) it is noted that by the nethod of the present

i nvention, other oxytetranethyl ene glycollcopol yners havi ng excel l ent | ow
tenperature properties can be produced by substituting another diol for

NPG. 5 In another aspect .of the present jnvention, there js provided a

met hod for pur LESIE Ealed@PtetRATBERYT cHRS gFOXHRoR JRoFSrRtar chetehtd by
copol yneri zi ng.tetrahy_ drofuran an diol represented_by the follow ng for
10 mula (1): RénH%&eH%BOéﬁ BFes 31 pgveﬁe?nRggﬁ i%eﬁh%$e¥%ee%iﬂto?PFu and
RZ i ndependently represents,a_ hydpogen,_ atom or hydr ocar bo r.aup. havi ng
from1lto 5 caF%ﬁnwngﬁE?eﬁﬁdlgagh gf B?Sﬁggﬂﬁ Eh?nﬁﬁﬁiﬁﬁgnﬁ?g ﬁ&éﬁ%sents
an inte 20 ger of . fromO to 6, with the proviso that the sumof p, g and r
is not |ess thgﬁaff froma copol ynerization reaction m xture conprising an
oxyt et ranmet hyl ene gl ycol copolymer and the unreacted diol, which conprises
subj ecting the reaction mxture 25 to continuous distillation in the
presence of fresh 0 y a t : fro o 160 C
under a pressure ofI rghggﬁgg gég&#%rgfa%%% ¢§§£§£€e#$€#§£ﬁ%éU?E%Q%%ing

added in an amunt,\Whigha § ARERbESELNBRENEING BHE Skyibersneeaeied di ol

contained in the ? reaction mxture, to tﬁereby distil off the unreacted

diol fromthe EeaCHIGRM ¥bpbeyhegebheri¥ihhit hgnaddedohstigbydrof uran. As

expl ai ned above, the essential feature of the purification nmethod for an

oxytetranet hyl ene gk¥egkce@ngOtBebyRParsLstadLSanhd h8EpéRFPY a1 PdoBRMo

unreacted diol. By the purification nethod of the present invention, it has

becone 1possi bl @ BpoliRMeliizat ibhmeeboti 6ADYR 8h8i prebéfBeabf a hetero-

oxyt et ranet hyl ene gl ycol copolymer w thout causing the clogging of a

condensat i on t whayareddaceealystduit even when the diol solidifies at around

roomtenperature. Further) a diol which is separated by the purification

net hod of the presenhel copnllymardaathbeneasatyioecyeird tontihmuously

copol ynmeri zation reaction system The purification nethod of the present

i nvention 20 i pexfognmedd ihothpupiregengeanfoxgterr anegahgbrhéngbysoto-

copol yner, obtained by copol ynerizing tetrahydrofuran and a di ol

repr esent ed by Podivmeird zgtjioabaeactprowhaleogonyimupralyoheedingi batmi xture

conprising an oxytetranethyl ene glycol copolynmer and the unreacted diol.

The 25 ldopol ymzighyariofregaendonefPritivé @AVERLcAA bResgpntipyopgceed to

the purification nethod of the present inven_ tion is a reaction mxture

obt ai ned by suBoddTerdzedtirRny8AStarafnantPA1l8] 6P EAPFRYEHY cHEBYVIBE NI a

(1) above to a copolxparization reaction bé ugin an_inor_ 5 ganic acid
atPProfi®

catal yst, and t&<ta*dtCotfoR¥nPr8rUeRE RPXYTIPELFETAAN Te-
ort el aeln| e By Sal RaRol e Rt e, Buber axaiaggaDLscul o vl o
subj ected o the Ay {4ie§alino) TRHIBHa0 LRScRIEROBySBNCRLT eBrhgaexP! ai ned
20 which comprises an organic phase comprising a solution
of neopentyl glycol in tetrahydrofuran and having a
neopentyl glycol concentration of from 0.05 to 3.5
weight %, based on the weight of the organic phase, and

a tetrahydrofuran/agqueous heteropolyacid phase compris-

25 ing a solution of an aqueous heteropolyacid catalyst in



Specific exanples of a diol represented by formula (1) above include

et hyl ene glycol, propylene glycol, 1,3-propanediol, 1,4-butanediol,

1, 3-butanediol, 1,5 15 pentanediol, 1, 4-pentanediol, 1, 3-pentanediol,

1, 2pent anedi ol , neopentyl glycol, 1,6-hexanediol, 2nethyl butane-1, 4-diol,

1, 7- hept anedi ol and 1, 8-octanediol. The diol may be used individually or in
conbi nati on. Anpbng the above-nentioned di2®l s, ethylene glycol, 20 propyl ene
glycol, 1, 3-propanediol, 1,4-butanediol, 1,3 butanediol, 1,5-pentanediol,

1, 4-pentanediol , 1 nt anedi ol 2- pent anedi o) ,, neopent yl ycol

ot byl bt ane. SEFFARBATOSUEEN SO HRTEE 19 SRS 45V it Pl of
1,3-hexanedio|lagdt%,?-gexanediol whi ch 25 are diols having 2 to 6 carbon
atons have a réelatively™" 62 low boiling point, so that these diols can be
easily recovered by distillatio S el r liJg d W th
respect to the inorgg%?%ig0| éug%%g¥§¥§kﬁeﬁéﬁé#ﬁyééiu:é%ﬂ#r#%<éﬁ%§ as | ong
as the inorgani o I bj i 3 o a Lew s
2oid. An i nor i SongHEGR bR e BhORELATTR, A/TINE LA
het er opel yaci d tergp 1 g} n I '%F§k t sopgiensati on of
an oxidg of atsréggﬁ'oﬁg g%¥g§bgp£§f@sai%6§%?£%?% r%ﬁ%t{é?group

consi sting of n i nbkURQ - i -
oxyaci d of othggkgpgﬁeﬁgggygﬁéﬁgag %%%g%ﬁ%%us (5%?@3%%%2%9%%3§?q2%2enic
(As), germani upkiERhg BAT 8R rahbtRP1eNR (JiYeo Leldpin i R £@bal t
(Co). The aton?? rat?ogofgt%ggﬁe?alﬁﬁg speé?é% (aﬁ%h%%% or nDreIg? nmet al s
sel ected from haRLEEOHPe£RGSE] Hib1 B8 DAY MieidHasE ir&pré@0 Nesl 3d0 6 hena

het er opol yacid to other elenents in the heteropolyacid is 2.5 to 12. The
het er opol yaci danggabeibn-fbeméar teotaly @ ofurédh sd@ieagd heterrosdlfat her eof .
Speci fic exanpl es of heteropol yacids and salts thereof include
phosphawol ybdi eidcpdasphosphot ungsti c aci d, phosphonol ybdot ungstic acid,
phosphonol ybdovanadi ¢ aci d, phosphonol ybdot ungst ovanadi ¢ aci d,

phosphot ungst ovanadsepacating5btipéospactidybiimmexdi ergan i; phdseotamgsti c
acid, silico 63 nol ybdi c acid, siliconolybdotungstic acid,

si | i conol ybdot trgstiogahhdi oxutetragethphenengby¢el acopl lywent Umemt tlze aci d,
bor onol ybdi ¢ aci d, boronol ybdotungstic acid, boronol ybdovanadi ¢ acid,

bor onol ybdot ungsprelsmeahadtéoncreactbonl mistweec ardd, cobal ttungstic acid,
arsenonol ybdi ¢ acid, arsenotungstic acid, titanonol ybdic acid and

ceronol ybdi ¢ aci d, ﬁﬁHaﬁéFngséP@sP@ﬁb¥¥%ﬂ9.t¢%r°%¥£§¥ﬁﬁﬂ?ﬁﬁi¥ﬁﬁe

copol yneri zation reaction, an 10 inorganic acid as a polynerization

catal yaf, THF SﬁacaldF8P°$¥m?5mfﬁ8Wng%Irﬁ%ﬁBﬁ%?Sf%ﬁﬁe% PBARRTONPRRFAT nat or
are used. Specific exanples of reaction term nators include water and a
di ol which is a copolynerizing nononer. 15 The copol ynerization reaction is
performed in a two-pghase yreactiop systemwhich conprises organi ¢ phase
orprising a col uti BRESinBEryr “ThEYBEFERIE SRFafEoh L be a8t

tetrahydrofurag@gggggui hﬁ%?EOHSEXQEid phase (hereinafter, frequently
referred to as a "cata 20 ysSt “phase") conprising a solution of an aqueous

het er opol yactd cal akyst okfeLeLLaputly eLE A1 fich haybognfeSPeel fho gravity of

from1.8 to 2.3. The oxytetranet ne g copo produced by the
copol yngyr i zati @@nieanteRRibf d5San! ¥edtbPrhhetRyan Cg?@ééf-cgéoibﬁer,

inorganic acid used as a catalyst is Sparingly 64éso ubl e 1 n”an” anhydr ous
THE, but well galighl ggi ebeamhéadbzowsaiyﬁéﬁp.@iﬁg Pyt 8o fusaR| Angnount
of water to THF. The reason why the inorganic acid is soluble in m xed

sol vent of THFn%B@eWQ?Qrgh§cBQtaﬁd|hMi@hUhésCfﬂétﬁéll@#inbtchéréeﬂéfdered
that a small anpbunt of water is coordinated to the inorganic acid. The
reacti on systenssepar attgstonia)a two- phase reacti on system which conpri ses
an organi c phase and a tetrahydrofuran/aqueous inorganic acid phase having
a specif is 10 gravi(ty od dumwed.drdrage Indleadjdss twaigiitheraefurfronof
water, a diol, THF and the |like which are present in the reaction system
The copdl yneri 8ai ao 5680%i on for produci ng an oxytetranet hyl ene gl ycol
copol ymer can be perforned in 15 a batchw se nmanner or a continuous manner.
There is no particular Iimtation with respect to the tenperature for the
copol yneri zation reaction as long as the copol ynerizati on reaction proceeds
at that tenperature. However, for incorporating 2 or nore diol 20 nol ecul es
into a copolymer chain, a dehydration reac tion is generally required. For
perform ng the dehydration reaction, it is necessary to conduct the

copol yneri zation reaction at a high tenperature which is not |ower than 50
C. Further, for avoiding the heat 25 deconposition of a diol and the

depol yneri zation of the 65



produced oxytetranethyl ene gl ycol copolyner, it is pre ferred that the
reaction tenperature is not nore than 100 C. Especially when the

copol ynmeri zation reaction is performed at a tenperature in the range of
from55 5 to 80 C, the heat deconposition of a diol and the

depol yneri zati on of the produced oxytetranethyl ene glycol copolyner are
suppressed, and the copol yneri zation can bk perforned under |ow pressure
conditions. Further, when 2 or nore diol nolecules are incor 10 porated

into a copolymer chagin, the re ion rate can be i.proved by wthdraw ng
wat er by- produced b?zphegrg%% ?%%eﬁ% l?h‘%h?]é%%?i%% s“;'/%Jf% W?rnaqeespect to

the method for withdraw . e r o] an be
menti oned a mnet &' |€§§%icl a# g?é@%?%%?% %§%§%%oEV§¥3§§F§PE§§EE?%F are
distilled off f i . HE .0 u iL.ch ks
equi valent to t‘%ﬂgﬁgﬁﬁ{%%gﬁfﬁg %éﬁ%@%ﬁ%ﬁg }ﬁglggéggrggﬁcggis %IPgFion IS
returned to the d,eacfi@n )t xture. This water w thdrawal process can be
performed in a conti'huous 20 nanner or an intermttent manner, but fromthe

view poigit of ease in pejforpd NS RAL YIBY | ZAdH O PPESALd O d N

wat er/ THF vapor is continuously wthdrawn fromthe reaction systemwhile

si mul taneously and citd nwoushwnsf eedithd MdrmaoRLakgl ng-only a smal | anpunt
of 25 water to the reaction system 66 In this nethod, the azeotropic

distillation of wa ter(anfl dHioLéduler pes{sHtmedh fidhait fdnh 4 herad ng t he
gaseous phase conposed of the azeotropic vapor fromthe reaction system or
by separating the reaen anssyist eéermsi B0 theemgamal yatiphagheaBdnt i@ or gani c
phase, followed by the wi thdrawal of the azeotropic vapor of water and THF
fromthe separated angamnc sphds€Ey thet heloetibaghip dbfchedabgr taad THF are
renoved by azeotropic distillation froma reaction systemcon 10 tam ng
bot h t He® or gani ¢ phad lawd nigh€ozatbidlay T )phase, since the nol fraction of
water in the catalyst phase is higher than the nol fraction of water in the
organi ¢ phase, the nol fraction of water in the total of the organic phase
and the catal yst phase is hptgh t he ;15 \#045 fracti on of the organic
phase. Therefore, this metqup\d S£ Qﬂﬁ@?ﬁengﬂ%ﬁn exhibyt 1hpgher (water renova
efficiency than a method in vhichMde ar ganigp)phase is separated fromthe
cat al ysits phase and, then, water is renoved fromthe organi c phase. Further,

in this 20 net hod) lowering of the | nne ressure of the reactor for

| onering the boilin :HoiﬁtnﬁgpﬁﬁFEP giyﬁ?ie PRUEYRAT L F bt OV WPt F Jiat er

wi t hdrawal rate., ver, in nmethod in_which water. in the reaction system
Compr | o1 g bot i aaPoaiFEMAatE. ARATPRE - CHPSFOLh phacBePEerEr 5o iEyey
with THF by azeotraopic .disti.llation en _t he .67 ter renoval. is
perfornmed at achollghé)o eoalt|e§§r%zra§tl€nsEcmﬁtehgtatfﬁ\g%ﬁafﬁn?‘egég? o?svlé}ﬂ%ri zation
necessary Tor o2 ARG e lond! 1:0RuA1Y 8ES Bk pahkga! 9118, react | on
tenperature, a precise control of the reaction tenpgras ture“may becone

difficud. For f&{Emd NGYEH MR B Hhdl Dhld el BeytedRbmeRALYERE Zation

reaction conditions, it is preferred that the reaction systemis separated

into the organig phas &l vines: ,CHalas onPhaze tardl mBeAr LRGuazestkropi c 10
m xture of water and THF is withdrawn fromthe organic phase. In this
method, it is pnef efdtahtywio R modornledie variganiaaaphase nsopdtgan fromthe
reaction systemis returned to the reaction systemso as to achieve a
predet er m ned rgltyrdl amitistdan theFahdled dugited rame@ Xyl eheagaidpieas-gl ycol
copoly mer, the amount of oxygen present in the reaction sys temis
suppressed to pdlewer;asardw as possible for preventing the discoloration
of the oxytetranethylene glycol copolyner which is caused by the presence
of 20 ®&/gen during (tdhe pothaeactzarishicewbérein Specndmbenl dyerdade oxygen
concentration of the reaction systemis preferably 1000 ppm or |ess, and

t he | ow oxygen nokerartamtwedighdaMnbe tdehin@opentty lpgiliyoodi wgpoigmeriza-

pol yneri zation reaction in an atnosphere of an inert gas, such 25 as
nitrogen gas, Hhealdrumhgalse ratjon Ngasmedd )nebnthasoxyté8rehhyhene

copol ynmeri zation reaction m xture obtained in the above-nentioned manner is
left still after the term nation of the polynerization reaction, a phase
separation of the reaction mxture into a reac 5 tion-fornmed organi ¢ phase
containing the oxytetra methyl ene gl ycol copol yner and a catal yst phase
occurs. If only the reaction-forned organi c phase thus obtained is
recovered a large part of the polynerization catalyst contained in the
reaction m xture can be renoved. 10 However, since the reaction-forned
organi ¢ phase contains a small anount of the catalyst, it is preferred that
the residual catalyst is renoved before performng the purification nethod
of the present invention. Next, an explanation is made on one exanple of a

2 1. o r o g, o ' o 1 T T T




25 the organic phase to high tenperatures for a long tinme 69 may cause
probl enms, such as depol ynerization of a THF term nal of the

oxyt et ranet hyl ene gl ycol copolymer, and incorporation of the unreacted diol
into the oxytetranethyl ene glycol copolyner by the dehydrati on condensa 5
tion between a part of the unreacted diol and the oxy tetranethyl ene glycol
copol yner. Therefore, the distillation of22THF is preferably perforned at a
relatively |low tenperature, that is, a tenperature which is not nore than
70 C, nore preferably 50.t0 60 _C. Fur 10 ther . an optjmumrange of the
Gistil1aci on pRassate RRy ERpEn: RIE EBS FReRai S el LRalBrETRe hea
transfer and the,retention_tine of THF in the reaction syste but, in
general, the di* tthPPaPFSﬁlS;eE%B% ?T% “}c’re\'tjf%e)ralﬁryé1 ﬁlnlgc é“c}r/léar?dler?aoﬁ fromoO.1

5 I [ kQn, 1i i d i 200
(o3 atm 11 agdiehs buan 1Ll prLetsechihal o dogras, ol varum |
cooling and coudenshngobResflist bhledeHEngl-s 000 L ELRES Uk L0k Y Oher, and

t he degree of uum o rr or ss Is preferre or Inprovihg 20 the
distillation rate. rihereiALCrofhsiL! [ 2Eon of THF is preferably perfornmed
under 200 to 600 Torr. guﬁéeqaent y,tthé resi dual catalyst contained in the
organi c phase is renoved. There is no particular [imtation with respect to
t he met hod for renoving,the 25.1iesi duals catal , and th can be

menti oned a net hod 70thféﬁ’use§ g%colu o‘f%ik%ennvinéfiﬁé cat al yst

(i.e., a catalyst renoval colum), a nethod which uses a hal ogen-type

sol vent, and a nethod in , whjch th atal yst is precipitated by using a

sat urat ed hydrocar bHHfarSlV\hréh Jtﬁﬁé&cét%ﬁ fs ifsheré’}?ﬁ\f‘é:gp&?cifé}tr?)g/?ea cat al yst
renoval, .col um, the _argani hase LS hr a col um packed with a
solid éégorbent, sugﬁ ggea%mg%gfv%teﬁg§§§§£#é %é#%g%nW%&?Méf magnesi um

oxi de, cerium oxi de LLcan] xi de | i il ina. 10 The
treatment with the gagg%bgﬁ%ggégpggfB?%ﬁ%£%$qg§g%ﬁ$%%¢a J%@ygl whi ch

nei ther solidificat;Qgengk g?%' ijQchol?hebé’éQ@”é&S@@S@o SEURS1a2 N general,

the treatnent with an adsorbent 1s perforned at - o 100 C, preferably at

0 to 67 C,nore pretapaltyost A8 +05onfardButah Widndmihosh by ch uses a

hal ogen-type sol vent, a hal ogenat ed hydrocarbon having 1 to 15 carbon
atoms, such as chl opghokfe hebsBhEY Ot §ivEsOr@etbanen tKd Ol @K ohd Lor oet hane
or chl orobenzene, is added to the organic phase to thereby precipitate the
catal ysts. 20 In thelgethad wbightespaeyss awtattratetohydro carbon, a
saturated hydrocarbon having 6 to 10 carbon atons is added to the organic
phase to therebhesepar #ghe hhghr asuktabarnwaighe-shie 15wowphasesactibns
method is especially preferred because not only is high the cata 25 |yst
renmoval efficieamscy flractdbsoofheéhei skytetramethyglane Jglycoilr ospohynért he
apparatuses used in commercial plants is low A C6-Cl o saturated

hydr ocar bon i s whichefgblcyiasedofoespendsi hg the aneal 96ta padtex&indl es of
such saturated hydrocarbons include cycl ohexane, cycl ohep 5 tane,

cycl ooct ane, cy¥lodgoirgnk, repecpedating, thetwgleeytappeaiaght, distribu-

met hyl cycl ohexane, 2-ethyl hexane, nhexane, n-heptane, n-octane, n-nonane
and n-dcane. Adogx@V&rnélieb¥hreke WABHSaCSafGPAt 2dlAYIPOLAFBSAT Al one s
distilled off fromthe m xture of _the_organic phase and_ 10 the saturated
hydr ocar bon, aWed@tioltec@l BioReMghecHYaF o¥at8Bh hRAvAnge8 BFTPE851RRr hon

atons is preferred. AIternativeLy, when a saturfted h¥droiarbon i S
distilled of f COFOAMRECHFANCE GPEI °XKGCER2TAGRYL R, 9+ 8FOFabPPPLEPPRg t he

ling of the saturated h bon 15 whjch_is distilled off fromth

mxture, i i s VGEE ot TEE PREL Rc-GREDr APelPhy Rl OEaPBORPPSORR whi ch i o
bl e of bei ted.from THE, b he dj f f Ln boil |

ot That i s W1 SeRaed Fabl ke batRiarbBanbRimie ASLERTTaFcyBlbnt

hydr oc on having,7 2 [ [ ar.bo ich has.a N i nt
differg%$ fronﬁfhgpebwgfgﬁ ggﬂgtéPdtnggéggffﬁg %?e héfsgﬁgrg%gg B2
hydr ocarbon to e_Qrgani hase, -t he ic.p e e I h DO
conposition: 1 HFbvgﬁﬁ%tb%gB g% %Qy?étgé%%?theﬁgg9?5355820Fkgoggp%§er, 1
to 30 wt~ of THF and 10 to 89 w~ of a 72 saturated hydrocarbon. A
saturated hydrocarbon is used as a poor solvent for insolubilizing the

het er opol yaci d catal yst di ssolved in the oxytetranethyl ene glycol

copol ymer. However, when the oxytetranethyl ene glycol 5 copolynmer is m xed
solely with a saturated hydrocarbon,



t he copol yner and the saturated hydrocarbon separate into two |iquid phases
and the saturated hydrocarbon is incapable of exhibiting a satisfactory
effect as a poor solvent. For solving this problem THF which is a good 10
solvent for the catalyst is used in an amobunt such that THF functions as a
surfactant fox preventing the phase separation of the oxytetranethyl ene

gl ycol copol ymer and the saturated hydrocd bon. Therefore, it is preferred
that the residual THF is contained in the or 15 ganic phase in a m ninum
anount whi ch pre%%nts t he phase separation of the saturated hydrocarbon and
t he oxytetranefﬁy eéne gl ycol copolyner. The saturated hydrocarbon is used

in an anount which i$ N I h i o] tegr ne

gl ycol copol yner sobgs ?hgpﬁﬁﬁgksg?uﬁggeﬁghggbgchggﬁt?éﬁc?%oﬁgﬁé$¥%§tiver
as a poor sol vent r e t S .the [a

hydr ocar bon iS%QLF%?bﬁéﬁtN?%rgkén%S?Egl% etgg?gﬁ%§§§l%§§yégﬁger§8§%%fI
amount of the Gafal yst.oRRASHErS 125 0B2AhRUCHyf LOBLIBS10598A1 FeRBRSERDY the
addi ti on of thg% 7% %g?%r tggsﬁ%dfocar %n aXd, thyg,la port?gn o? ?he _
separat ed catalyle RRAISH dalo1¥exed Wikhi1thRe8L8aBLEUPPEREe dRERGIREE, it
is preferred that the organic phase is filtered through a filter having a
pore di aneter ghelz%_aami%sl egtichials! Al Qrivﬁﬁ%' BEt2oReEEpH gRBEEEaRE0R- 5 EUN
or less is used to filter off the catal yst phase nore efficiently. After
the filtrationggr ag@ssa khemimB¥ibnolebieicat 8kysher eARiAGNEatNohe
oxytetranet hyl ene glycol co 10 pol ymer becomes 100 ppmor |ess. For further
decr easi ng t he paakdleyStzatashenly ¢het hgdexiet gasabhyltenecql ¥aal acepol yner,

t he organi c phase as such can be treated wth the catal yst renoval colum
menti oned aboveoljferdratibnotreale ivasicdmplrieahgl ystiehpdrheidh con-

oxyt et ranet hyl ene gl ycol copolymer can be decreased to 10 ppmor |ess by
such a 1t0r eat nemdtensite one peltveen ar yydroxylageonpnpfi si igrikieal THF .
oxyt et ranet hyl ene gl ycol copolymer is a mxture which additionally contains
THF and a di ol uniiitclandr @ hydnoxlyd 20oupalofmensiversaatdraisaluNBGeynit

hydr ocarbon used for re noving the catalyst. Such a m xture can be

subj ected to tler PRG Moggmean nEraodfbfalhe. piesthe fimahtoxntetrame-

Al ternatively, the m xture can be subjected to the purification nmethod of
the present inV&nliede Slyeoldicoredviem.i ighdoh rAkecwrar YRIEIPE BPIYTI | ed
off fromthe 74 m xture, the resultant m xture separates into a saturated
hydr ocar bon ph&$& &hdidn ixydelymtthyostéig fcdrndopsFy REMOBRA¥BETaNd t he
sat urated hydrocarbon phase can _be renoved fromthe ox tetraneégélene

gl ycol b 5 poRAErTHRRde 2 Meddle, the@ailiody MO FCHAE YRAEEtRASYBRt he
thod f i fyi.ng . t t hyl I |
Copol yrer | zat | SRARSdE I RAT: (6 CETATe G ogs to HFerPRRBenyTeRe=8 Ty col
copol ymer and ap ynr e@g&%QF%Qe‘?' ghe JQE@H&AL!&%&@RE Hf&@?fn&h&#eo@fese“t
I nventl on conprises subjecting’'tne reactron mxture to contl nuous
distillati i n,qth t d t f
from 80 to 160 X URser R cRedne, g T MR oy trdn o A PR B °
tetrahydrof ur anfeidip AdaRE: it AR ADYHe Winthin $ehel ofF h@ﬁl%pbh?-v‘m ght

of the unreacted diol" contained in the reacti"on m xture, to thereby distil

of f theginreactd digi Jf.OMnEBEraeAgLY| OBvEhXyHER tREChOEECML AR the added
tetrahydrofuran. 20 The reaction m xture which is subjected to the pu

rification netRed gt d¥e PrRIeIn BoPHlyierMhadh RY thaleC @Rt diakga
sat urat ed hydrocarbon. The reaction m x ture obtai ned by renoving the

catal yst with asansatcrd dhetiheesr ko elladi ottt @£/ QPe alondmer
oxyt et ranet hyl ene 25 gl ycol copolyner, 0.02 to 10 ~ of a diol and 30 to 70
=~ units contained in the copolymer chain becomes smaller

than the twice molar amount.

25 The number average molecular weight Mn of the



75 of a saturated hydrocarbon. On the other hand, when the catalyst is
renoved w t hout using a saturated hydrocarbon, for exanple, by using a
catal yst renoval columm, the resultant reaction mxture contains 20 to 5 99
~ of an oxytetranet hyl ene glycol copolynmer, 1 to 80 ~ of THF and 0.02 to 10
~of adiol. It should be noted that the reaction m xture may or may not
contain THF. Wen the reaction mxture c@&#tains only a small anount of THF,
a large part of THF has been renoved 10 during the renoval of the catal yst.

Th t di f t des f [ fyi t t hyl o] I
copolymer 11 onPYFEAEERBRHIRP G, B BET o PR e St tr S PHAR T bon.  One

f the t d I - st Lfi (o thod_i i t ted
AR MR R Y oo s o
method | whi o $08a: PRGNS dR BRSO R ah SRS PRl 2% OB Fon

i xt [ fi d h ' [ j.stilled off
fogether wi th PRECKINER Thrtebanioah Foll: Fud FbERafiies’ Satlitte 55 e

t ifi ' d ifyi t hyl
ol yeol | dopol ymarEoR e e e B L P B A0 ur ot o
hydr ocar bon. - 23, The1gfiems! EPnfUbbLihf 2hh8Na TELR OGLASs CKPLAL DEfbDCL o /6 | OW
referring to Fig. 4. Fig. 41 schemati ¢ di agfam show ng an exanpl e of

the continuousppubihireat hoReg¥st eghf O1aPeiE OpAbAGct NRaPeg SEELL MG 1 fication
met hod which is used for pu 5 rifying the oxytetranethyl ene gl ycol

copol ymer of tBecBL2eARt pkBYERLLES. cAnhEACHE OFb FAXhéld Coy Sust®y esludi
reaction mxture tank 16 and fed to the upper portion of distillation
colum 26 by usbBgspelP 24nuhBefli svétagéinoleehLan WoigHd dreteltsall | ation
tenperature is maintained at 80 to 160 C. An oxytetranet hyl ene gl ycol

copol ym®r exhi hetayakmesylpotapopopyessuis atrawdnstetrial i oFdremear,at ure
from80 to 160 C and, thus, the oxytetramethyl ene gl ycol copol yner as such
fl ows downwar dwhent ibebotihbarpaveidgeinoletulae wesght | @f i tine codparhy- On t he
ot her hand, a saturated hydrocarbon and a diol in the reaction mx ture are
converted intomargasemosecthponénélandfsepabtaietngrancopelymer hav-

oxyt et ranet hyl ene gl ycol copolynmer. As expl ai ned above, since a diol
solidifies at 209apomedtinenpranpevhigheisalegssl thhnchotn teppenstdras a
gaseous conponent in the distillation colum is likely to solidify in
condensi ng nmeaf§e2neppReakyYLs IpFeoL dENPEN ?ﬁEOHﬁMﬁE%?@g%?%fr@h%od? tillation
colum and cause problens, such as clogging of a conduit. In the pre 25
sent i ent i ontReolhpLey ERYERGTENERNELISBE| 91 YFRAt FOPOLYMET Mug bt ol |
fresh THF in fresh THFE tank 29 is vaporized using heating neans 31 and the
resul tant gaseSQRETREIRETT ERaPo3PnBOHEL t SHHYOFRS oS %R Jiqqdatsqeolr?"bol um

26 Vi 30 todistill off the diol tpgether with the 5 fresh THF
In ho pravent “TRPGRPPONECt RBPOHRERLTREAORoBA LS, Moy CORREI T F R | { |

di fferent fronkgggsr§%i$§§g Ttﬁﬁi$£%Q§%;8§€££82dn%§guée $ 68 {ﬁeaﬁﬁ% ol ed

unreact ed THF ronoirer. € fres e an-unu ora’recy

THF menti oned Lar Lhe fr j d fromthe
bptton1portiopggkgﬁkggggg??ﬁkgt?%ﬁgggﬁgé%?&%%g %%s???l%%ﬁ%%é%%fe of the
di ol begones i gRkgkedraHgWeeEbom@88 Lhgigase in the amount of the fresh THF

causes an 15 incréase in"the energy cost for the condensation of distilled

THF. As a consequen@ﬁrthes,aaﬁgnéxpéeEbsmé%§$ﬁeHéF§p§é@ﬂ asgethorthe

reaction mxture is the mni mum anbunt of necessary for preventing the
solidificationtae bResdnel in¥eheisnReehtiGabtypotheal £6581¢RedHo1E-added in
an amount which is not |less than the weight of the unreacted diol contained
in the reactiogulleXhdk@nglhemanedilaef wehghtr @sbtFibubessssary.§06r
distillation may vary depending on the anount of the diol contained in the
reaction m xtunesshiigh tegmked£2bhbr nwyMherbepopanti ancepolfimedimébiél ati on
colum, but in

25 cule having a molecular weight distribution of more



78 general, THF is fed at a feeding rate which is not |lower than the
feeding rate of the reaction mxture, preferably not |ess than two tines
the feeding rate of the reaction mxture. Wien the inner tenperature of 5
the distillation colum is 130 Cor less, it is pre ferred that THF is fed
at a feeding rate which is not lower than 2.5 tines the feeding rate of the
reaction mixture. In any case, the feedindPrate of THF is not nore than 100
times, preferably not nore than 20 tinmes, 10 nore preferably not nore than

5 imes e Teqtlt & ¢-0% ke bRAGHEOMIMS! o105 IRE-LES aough gl the

unreacted di ol <Cont ai I-on Xtare-rs ve en the
feeding rate of E s . a ti Lange.. . i tio of the
added THF to 1§e}ﬁg &%ﬁégg%gﬁtd?g%%gggohgg%gg&%%r%ﬁﬁpg? §§e?g%a y 1,500 or

rore and not g yan G 0 obiedsBRLCLRET BibRA 5bB2aHbOhoschegRVEd by

. n
a multi-stage at’i on. respect to the I nner préssure o

nner  presaur o Sf e a1 SHe SRR SET urt e hE P Oher T ne g LT 1A on

i nner pressure o stilla ol'um, the

efficiency for JAmGi1R0 idhahg aPRphECGaRY welily® tdiag kit 8Lk 9Bni §£P€T gor med
under 760 Torr or |ess. However, for decreasing the anount of energy used
for condensing drhe &2 VaRon «dipteifkhed aothakr @Mel he1dctlbk! abigAtcakymm, an
79 inner pressure of 5 Torr or nore is necessary. Therefore, I'n the present
invention, it itciphefion ag hRatrodwhasr poRkabief. tSpeuireasief, divligs
performed under a pressure from5 to 760 Torr, preferably from 100 to 600 5
Torr, nore prefaieiitrdd @Ma¥0@heo MA@ clinhalr. wadghtplkaishedvakava, iknit he
purification nmethod of the present invention, a reaction mxture conprising
a diol, a saturoat a@ sy dmoadaeb @asandfamnhex vopolgmetrhhlaetiagghymollecapaky mer
is fed to the upper portion of a dis 10 tillation colum to thereby cause
the reddii on mwetighe tdd sfirdwutdwmwaitd lies st ekdagh dt.i8l.1 asucim ohammewand a

hi gh tenperature gaseous THF is fed to the bottom portion of the
distillation coladerulan werdaint ddgseiblgigasae$silTEF ino af begrep®er dni n t he
distillation colum while va 15 porizing the diol and the saturated

hydr ocar bon co@nt @meadt 9f e ddah o lecklare wetl giitf Pedynerschgassof the
distillation colum and wi thdraw ng the vaporized diol and saturated

hydr ocar bon t od®xsdy haivien ey d@Bdd "PRECULGH Med abdl @sn compasedt ke
distillation colum. 20 Such _a distillation nmethod enpl oyed in the present
invention is cdNe@VELaas FRlsSutsthygiohie r Ehet PERSARGBUPE FHIRHICH t he
di ol and the saturated hydrocarbon have heen renoved by the strippin

Tethod 15 a vi SESELAR G 8o RS IRy SRR G AEVEF SEA YnBERFFERe ChFy Ao
copolymer and THE. THE and ot her low 80Q.boilin oi_nt. _co nent

contai ned in t Hi¥RSTGHY % §°§’§ﬁ§:rl§tge8fb3h§erﬁ°ﬁ S r?‘BﬁégE?‘éﬁs' the
distillation a t us . e distillati er at.ur ed t epar at e
THF is 80 to 1%%%% > ?%‘ F}:r reéf e‘”‘?“r%%‘tt ﬁ%: tl%%‘ethg'l S i"\%lsléﬁ%&t%%o%e%gﬁ%er ature is
as | ow as possi i he h I.Qrati of _
oxytetranethyléﬁggaFﬁééﬁﬂgg%gﬁéﬁgggt%p%@i??%gﬂﬁ§§k¥ﬁéq'|§?ﬁlﬁ§??§ﬁmis

preferably perfrnRe @ phedertled &5 tHeN vAAld iho Wl .F €spect to the

pressure, high“vacuumis preferred, 10 but due to"thé probl ens concerning

the disidllation ap HaeRldds. hfeq RMRISHHR mdillddRi1angRight! Geak@i84-to 10
Torr is appropriately used. Various nolecular distillation apparatuses

other than the e rdff UgRl JBYAGMed 1@ Hdrd alHaaN 1apPaAPAFmeRe Used in
the present in 15 vention. Specifically, use can be nade of a pot stil

type nol ecul ar wihisdH |daatii 01 e e lriés.a td SndHip @ dffilned Wige thel eoullak-
distillation apparatus and a centrifugal nolecular distillation apparatus.
As a centrifugalngmcaeidlar (di)stidlllat iwdrehdppatad usodehaife €na peegenti oned
20 a rotary tray type nolecular distillation apparatus and an Arthur type
nol ecul ar di st iddwsrntdroreppar at us. The purification of the oxytetranethyl ene
gl ycol fﬁpolyner is conpleted by the renoval of THF in the above-nenti oned
manner . The purified oxytetranethylene 25 glycol copolyner is recovered in
oxytetranet hyl ene gly 81 col copolynmer tank 33 and the separated THF and
the | ow boiling point substances are recovered in raw material tank 28. The
purified oxytetranethyl ene glycol copolyner 5 can be anal yzed by gas
chromat ography to thereby con firmthe conposition of the purified

oxyt etranet hyl ene gl ycol copolymer. The purified oxytetranethyl ene glycol
copol ynmer conprises not nore than 500 ppmof a diol, not nore than 1, 000
ppm of a saturated hydrocarbon and 10 not | ess than 98 ~ of an

oxyt et ranet hyl ene gl ycol copolymner. In the above-nenti oned one-step
purification method, THF, a diol and a saturated hydrocarbon which are
removed by the stripping nethod are obtained as a



15 m xture. When raw material nmononmers containing a satu rated hydrocarbon
is reused in the copolynerization reaction, the saturated hydrocarbon nmay
cause an adverse effect on the copol ynerization reaction rate. Therefore,

it is necessary to separate and renove the satu 20 rated hydrocarbon from
the recovered raw material nononers before reusing the recovered raw

mat eri al nmononers. Next, the two-step purdéication nethod is expl ai ned
referring to Fig. 5. Fig. 5is a schematic diagram show ng anot her ex25
anpl e of the continuous purichatKMW/Eystem1B¢g”5er 82 formng the
two-step purification net hod—which—ts usedt—forpufyiPthe (I).

oxyt et ranet hyl ene gl ycol copexprdMnok fhé&/poe3ent invention. The two-step
purification method is a nethod in 5 which a saturated hydrocarbon alone is
distill of f from I i ] i i S e t a diol
i's dist?fled of f by%P%elg?%%pg?Rgbﬁégﬁgﬁ ?%ag$£%§%%dkg ep tcﬁt e%%%y purify
an oxytetramet hylaae. gl ¥ealy.caRoly MEEer 10 b ea6! k PRl Xhuf okl ed ¢ O

centrifugal nolecular ‘distilla n- appar a fromreaction mXxture tank

16 by using pumaikf ib@shh@r 8RYweeADY¥ReanSmbHEahedraYydr A6BELQTaEr OM t he
reaction m xture. The distillation performed in centrifugal nolecular
distillation appaghtlandushtOwesgher b0eiBde UNOEECERALI Hb OBt Wghl Drt he
solu tion tenperature is 70 to 160 C. The deconposition and di scol oration
of the oxytetrampiligsertagl thel meepehyaerwaightndisedivtieDoh heagobat i on
tenperature beconmes too high and, thus, it is desired that the solu 20 tion
t enper dtur e i s tavadeneds spaghithiyewhebweker numben abherdgstmblatudar
tenperature is too low, a |arge amount of a saturated hydrocarbon wll
remain in the owejitgstr afettinel eopodimenl isohbphnerThifs s dmrsampmeends; t he
solution tenperature is preferably in the range of from25 90 to 130 C

83 The di sti | | #fifectpods dince nanyovamyldepsadi wgightt Adstirsbutiani on
apparatus and distillation tenperature used, but the distillation pressure
is in the rang&hsf impaevemests30 Ther lowhsamphzsatiisei prapevhiappbeatus is 5
relatively small, it is necessary to conduct the dis tillation under 100
Torr or |ess. TedefpisB@dladnditiei CRaei 6F apparatymerskavi®eg @&iseifrling of f
t he saturated hydrocarbon is not limted to the centrifugal nolecul ar

di stilll®tion appdiedtus2rEcd PPeP§Seavshage RadecBiarnkedghtoust & ar
distillation aﬁparatuses neq;ioned abovye. The_saturatfd h diocarbgg cont ent
of the reacti oWStuPe CORYBBCTeéFagteqnt BaY1BE0F F61BLEBCLY| AMBetns of

the weight ratio of the saturatﬁd hidroca[bgﬁ to the 15h0x%L$traEetgylene
gl ycol copol yn&*PO8F AYREAIRg "PRECEARr KEAE hy BFEEAP LbBNPF P EHETr 8Acti on
m xture by us i rif 1, liecular distillation aratus_19 un der
t he above-nentﬁ%%%%ﬁgéﬁﬂF%%%ﬁgg%?hgmgg?ﬁrEFEE ﬁgd%ggagggn£§ﬁg%ﬁa?gre
separated and b ns .o ] n{.Li a c bstilla
tion apparatu§%%6ﬁ%%Q¥§%dvéPg§ﬁa?fe%céggrggtég Eggahagg ?!#g?%gﬁig%eatnpnt
by usi ngy di sti LJeAlgnan a4 ButdonSi268. 2 RAE beRsBhcENEsdhobnCARiaLAed in
the reaction mxture is also removed together with the saturated hy 25
drocarbon by therCcemptilghftugrliedBhesular adsahih! ahb@At), Bdtt bRedhobh
contained in the saturated hydrocarbon solidifies in the distillation
colum and t he naRdensat Wl ghiskeacheeausrere 8hdly aohbdi Leeeirabsaround
roomtenperature. For preventing such a solidification of diol, 5 it is
preferred that thai @mpaovelmens angehd solwveshpbeatardi pkoperaddedato the
distilled-off saturated hydrocarbon (containing a diol) and the diol is
renoved from t lompeeld aet thiatt oife thg cowdmpiatutart kedght. fB8pecibncal |y,
after recovering the saturated hydrocarbon

25 In the present invention, index o is not more than

1.100, preferably not more than 0.800, more preferably

not more than 0.500. When a copolymer has a broad mo-



10 containing a diol fromcentrifugal nolecular distilla tion apparatus 19,
water is added to the saturated hy drocarbon by using punp 24. Water is
added in an anmount which is sufficient to prevent the solidification of a
diol in the distillation colum. Specifi 15 cally, the anount of water
added is at least 5 times the weight of unreacted diol contained in the
reaction mixture. Since water causes a | oéring of the boiling point of the
saturated hydrocarbon by form ng an azeotropic mxture with the saturated

hydrocarbon, far 2Q facil.itating,th i,stillati f .the saturated hydro
carbon (that i(s)",ecf rekvr?il@i&‘t%i t‘?d%ttl’fé%éi‘%é{?ﬁ 5‘&0&’ SP‘Fgctm Xt EFFECLe wei ght
ratio of the ternd o a t ydr haon i rom.. 0 .
preferably fr\(l)v?rlfg‘l.ofts tsyagl. % tc%é’%‘?‘ eets}atgggg?égghygﬁ' cggbgg‘a%g%i rrllévvlvglger

m xed 85 thergew [ ed .t hStd Llatian col upm. 20 Lnc urated
hydr ocar bon cpr?tegietn y\h/thg_fgr qlC)&%rczglr%iécjt héﬁ gﬁdenggt%ﬁgr%%p%fo%%$%§% whi ch
s oceurring i RHdGiald haldagd GhUel athGedifl GNHaLRe] i 4BG satu 5
rated hydrocarbon is always condensed sinultanéously w th water which is a
good solyent f Qlerpelidture Peopeties! B2 el dopolYmetOirdl MbGerkR by
distillation colum 20. Furthér, during the distillation in distillation

colum 20, wat&ihd adREsld Prel@ st @ Qhel PR 1M chaihd halAngORURBLRY
usi ng punp 34 so that the water concen tration of each stage of the

distillation coligmAcmarceeslgart.. I n addition, the gaseous diol which
is wthdrawmn fromthe colum top of distillation colum 20 is condensed in
condensi ng neans 21 Thegelelbgentyilh gngcenr topohiyhmbriaatheanwhedet @athe
distillation colum by using punps 24 and 34. The condensate which is a

m xture of the Nabtdr ahedokydeacambonyaatdenwglgtolscopblemeedofotnet Wwo- phase
separation by using decanter 22 and the separated water is reused. 20 In
the twok&Gt ep puwtddesdt iiorwvemdtilond ist feogatturtat 8¢ mpdroc priederabiyy Edom
reaction mxture is fed to distillation colum 26 by using punp 25. The

di ol renmining 9 ta R meddt.i ofhei Reopentylrghyoed copohgmsrzipatienep of the
two-step purification nethod by the sanme strip 25 ping nethod (as nentioned
i n connection whdie ratdme (NPGG copegd yperiiziaddonowhedehs@t ey Nsi hg
distillation colum 26. The stripping method is performed under the

condi ti ons whi GefHME%a8 fihfeFolirc PeFECNtGdIenioth thige agwadite @fpneiori cat i on
method. 5 A m xture of an oxytetranethyl ene glycol copolyner and THF is

obt ai ned by t h@dtiSth 193G MPEeMSEd its Pressatodd hep Whede 9Fving
t hod f the two-st i ficati thod. Like t i btained b
The onthSt ep piid PR T AREt IO Cotin G ReRSTIes -oeeded o 0 T8 wo st o
Elycol *copol ymilo Sk Angentr g dhe shterrS et g s Soianents e
tained in this |jgui . i | |
GOSt il et on apile dBEY ATRAIAN oW GO (M3 AUt Ahneitnyt e

rified oxytet n o] ' - s .
ggy!t e!t r ame;(%yl ee{]e gl!}%:é(ﬁq c;%é’g;&ﬁﬁgrﬁt g%hyggéahge%ﬁge\s/gégggitganI’ol\\/]\Y’ b0! | | ng
poi nt subst ancee A d Y Gl d B aw-ﬁﬁkeri%eéfﬁkcz v Thenpugi fied

oxyt et ramet hyl ene gl'ycol “copol yner 20 can be analyzed by’ gas chtomat ography

to thergpy confydiid e CURASIHHRN font D HHRIgraTetAyh@n @ fltyeo!
copolynmer. The purified oxytetranethylene glycol copol yner conprises not

nore than 500 paflendipotdid oivhR thiarnk ROupRMH 2 8at Whatied

hydr ocarbon and not 25 | ess than 98 ~ of an oxytetranet hyl ene gl ycol

copol yner. 8 hakhith e teiylair tloaipes @ty &lthe ajeainyiiRil o hikkireed kkygei t her
of the above-nentioned two purification nethods contains only trace anounts
of the | ow nol ethd aimbeyrit vadngeo e ttheMriedihydr @reainsy cfed®@rosed by heat
and, 5 thus, the obtained oxytetranethyl ene glycol copolynmer has high
thermal stability. Mirdrhethe INPG lve polgmetrd aiuonf whatlieorarteitohds, lass
saturated hydrocarbon and a diol are separately renoved in the course of

t he pur23i cati drhgyr dcessl ndhe oo lvhertie adeper @i cdathecaimed Hydr,ocar bon
and the separated diol can be reused with ease.



88 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Her ei nbel ow, the present
invention will be de scribed in nore detail with reference to the foll ow ng
Exanpl es and Conparative Exanpl es, but they should not 5 be construed as
limting the scope of the present in vention. In the follow ng Exanpl es and
Conpar ati ve Exanpl es, various properties were nmeasured using the follow ng
10 nethods. (1) Nunber average nol ecul ar 3fei ght of an oxytetra methyl ene

gl ycol copolymer The nunber average nDIecuIar wei ght of an oxy 15

tetramet hyl ene _gl.ycol caopol yne s_calcu aéed fromt
copol yer 1) AEehadcPBPLanEFy breing tcuREEE v eias ot aﬂ ask. |s
added an oxy 2% %éhra%%tgybgee glxgg gggggygE£ % 5 8 %nnupt Ee

S the 8 &cl B The

mTlchlls 1. ?9 " t ar- wei e oxy rané?hylene
%,é‘é§_, 5888}”%%&5@59% Eéﬁﬁ“’n%ﬁ.ﬂesﬁ“a‘ﬁ%* g *%Ee"%%‘l%%n?ﬁ% {yf’“?u%% of &
G Ssol ving 14 §oP rRoasscean, papReF atiah; ol frheagtite Mraf Kay 1ot BY
added tg the eggpl 3Q mtyesﬁahgg rGoRt 2bA) @9;{;@@" CEPOLYIRTtne (RLAE air

condenser is attached to t ant type flask and t e res nt eggplant

type flask is ijm/aBrsed kg é@f@hédbééhtﬂé 9§w£}¥$@|thEﬁérh@9t§$%“ﬁy for
hours. The eggplant type flask is taken out fromthe oil 10 bath and

cool ed at rOOWbeEthﬁh@he1EOECBEQVQH|b?aERéYCép$%?me£929@i@ﬁno@ TaXt ure.
GO Aqueous 50 ~ by weight pyridine solution is added to the m xture

obtai ned in stegpthakovembhemethewHppeinpRbti ON1Pfié hendi Fe§OLLENERI0f 15
The resultant m xture obtained in the eggplant type flask Is agitated and,

then, neutral i zakl THFt homapblgieirSchef i o NEdingt&d 1 NoEH byowst igg phrenol
pht hal ein as an indicator. OO Blank test was perforned by repeating steps
~O to 20 above thecdpttetrhmallethapxyhetracei byl efetlge ypolymwer pehyies is not
used and 3.5 g of the pyridine solu tion of anhydrous phthalic acid is
used. The OH \dlswe cangetihe Onimiee etterradeand ethdrartheeiNFG@ copoly-
merization whole ratio is more than 30 mol%, such a co-
polymer no longer exhibits the above-mentioned copoly-
merization effect obtained by adjusting the NPG copoly-
15 merization ratio depending on each molecular weight
range.

The melting point of an oxytetramethylene glycol
copolymer can be lowered by increasing the NPG copoly-
merization whole ratio, and a copolymer having an NPG

20 copolymerization whole ratio of 20 mol% or more no
longer exhibits a melting point. When the NPG copoly-
merization whole ratio is less than 20 mol%, the melt-
ing point of an oxytetramethylene glycol copolymer is

elevated in accordance with an increase of the molecu-

25 lar weight. Further, the glass transition temperature



of the oxytetranethyl ene glycol copolyner are calcu 25 | aced in accordance
with the follow ng formul a: 90 OH value = [ X x amount (g) of pyridine
sol ution of anhydrous phthalic acid - titration anount (m ) of aqueous KCH
solution] x KOH factor x 56.1/ anount (g) of oxytetramethylene 5 glycol
copolynmer, wherein X represents the titration anount of aqueous KOH
solution (M) in the blank test (using pgoidine solution of anhydrous
phthalic acid). 10 KOH factor is the actual effective alkalinity of 1IN

aqueous KOH solution. M is calculated fromthe OH value in accor_dance
with the fol | oRPREESITREMUMAL 3 1BOBNp In g Hipinity ©F MR LR

ht di b f hyl I Th I I
wei ght di ot ri babi BALBT LBnc it ott S FbrHgH SHETA St Eh eI Her rq&%& ai ned
b | yt ti I I
hstrument s GoEradaPSinbea s SOt et aR ARant GE A S T Hson
Co t J TSKge H300 1 col 91 TSKgel
Swnerisics (2 HEai b Te e*"%ﬂ%’@” L S i
S | itions us Si s
Det ect og )l:/)l f f%rgen?wgggﬁi eth a%?% 3? F?IJ)tﬂr %er%& WEsad d
Ohl or of or m (HPLCo g1 aglede 1y F 0T 8180l Clienl 0obolleiten %%@'fw.o 5 = by

wei ght sol ution o a copofyner oroform inj'ected sanpl e: 20
~.1 Mol ecul ar t t e = 30, 300,
Mh = 13, 000, Nﬁﬂlgg 5%%%%4%{%% %)@JOX’?I\%H& in%%ml\%n ‘gb rpdé\@l\% 580)
and styrene nDEQEErofNQn oﬁ&@étféﬁefﬁfﬂiﬁ@l & 1A #+9Nthe NPG

chromat ogr aphy (prepa20 rative GPC) n oxy etranethy ene gl ycol

copol ymer i) |88pbugmEE Sz EPLoRPPRG BE USat 16 OB K dreduf et et iyt 801 d by
Japan Anal ytical Industry Co., Ltd., 25 Japan) 92 Col umm: Shodex H2001

and H2002 are yspeonhespd hendHhes t aveT euo 1P @€ Uhdife Wei ght i s | ess than
3,000, and Shodex H2001, H2002 and H2002.5 are used when the nunber average

5 nol ecul ar wei ght I5 SAQDOien, nEie depedit ramma iRl atfee dyaneb 15 ot sbdiyy Showa
Denko K. K., Japan) ii) Conditions used for analysis 10 Detector:
Differential rméracfotkéeprés¥nt invention has not only an NPG co-
polymerization whole ratio within the above-mentioned
range, but also different NPG copolymerization ratios
15 in the low molecular weight-side fraction and in the
high molecular weight-side fraction. The present in-
ventors have made an extensive and intensive study for
producing an oxytetramethylene glycol copolymer having
improved low temperature properties and have found that,
20 with respect to those relatively low molecular weight
copolymers which have a molecular weight of 2,000 or
less, the glass transition temperature becomes minimum
at an NPG copolymerization ratio of approximately 10

mol%, and with respect to those relatively high molecu-

25 lar weight copolymers which have a molecular weight of



Tenperature: 40 C Eluent: chloroformFlowrate of the eluent: 3 mM/mn
Sanpl e: chloroform solution containing 3 ~ by 15 wei ght of a copol yner
which is obtained by adding 1.5 g of a sanple copolyner to 48.5 g of

chl orof orm Anount of the injected sanple: 3 m Sanpling nunber for
fractions: 5 20 Sampling interval for fractions: 10 sec (4) Oobtainnent of a
hi gh nol ecul ar wei ght-side 15 wt~ fracti d¥ of an oxytetranet hyl ene gl ycol
copol ymer A preparative GPC is performed under the condi 25 tions descri bed

| ndi cates e PERENEPBR o1 R0antAPnELPa: PAFEST RIPRAT SUPTHECH ® dtt oct i on
o T U e
hi gh nnlecula?qaﬁfgﬁg ﬁﬁ% ﬁdgggaghgpﬁagPﬁﬁ%Yﬁ%fééu ggnwg?éﬁﬁ'ir1 e whol e
Phe arca of tné narg ponidesoBaler bydh bEnPeiefEiford qonmaife™™

recover%ﬂ fraCB&?ﬁe%&aﬁQtﬁXﬂggggg?@ggirco#gg?gg%lQQ&E& i{ﬁkgﬁgmé”%@pleCU|ar

wei ght - si de 15 fractio openty copofynerization ratio 15

The neopentyl gueRl ncARALYER! LEabheNakathati Se "PAS Uy Oy 1BRAP Of 1H NVR
Specifically, the neopentyl glycol copolynerization ratio 1s calcul ated

from the integhadyrbardhe®hyl BRe"8LDEbENEOPE OYRES, 0L MBAOYNEREcGEOUPs Of a
THF chain haviggbﬁethylgneygroﬁgg gt 20 ggth&?erninals thereof&%ngpthe

integral val uenmeiritzae igat Byl iBr 6088 cAf mbPGeulir NVRLgEt PEFASE 1B ugder the
following conditions. i) Instrunments 25 Apparatus: 1H NVR nodel d-400
(manuf actured ap@cif4adalydabyudkel,Lid. wodagabng possOondi to opsodses for
anal ysis Qbservation frequency: 400 MHz (1H) 5 Pulse length: 45 Qobservation
t enper atour e: r anmokgeetramgtyAengnglatbhncopabener HaGohyeat 1owDC13 10 (6)
G ass transition tenperature dass transition tenperature of an

oxyt et ranet hyl ewd tgingc poictpehgner 1oy déaesninadsbyiomahempérsiere

bel ow- nentioned differential scanning calorimeter (DSC). 15 i) Instrunents
DSC appar at us: wBSCR2BEvemaevkacbeeadaahdlegselidibytdei aot! ndsr @wreismilitne. |
Japan) ii) Conditions used for analysis 20 Rate of increase in tenperature:
10 C/' mi n Range odf thensPegific addustoeninafyshe: NPGoogopolymerZatheRpher e
used for analysis: N trogen gas atnosphere (flow rate: 40 ml/m n) 25 Anount
of sanple: 10 T&tiP pf eagh pplecnéprareighbi FragtopPnanthRy®eY @B hyl ene
gl ycol copol ynmer An _oxytetranmethyl ene gl ycol copolymer is analyzed 5 by

t her modrravi met MEEYHENEs 94 YEPEATOBY 1¥RPRgOE hERE nBY R BRR At 1AV FHe! @i ti ons
expl ai ned below, to th%reby determ ne the tengerature at _which the wei ght
of a sample c&p&%ﬁﬁ@F L 1PEdGCEReEG1E theTRPEPEENBEPERET "RAECULRE as an

I ndex for ther%%hg%%aﬂnhlk%é neopentyl glycol copolymerization whole

ratio N, (mol%) of the oxytetramethylene glycol copoly-
mer, and the neopentyl glycol copolymerization partial
20 ratio Ny (mol%) of a high molecular weight-side 15 wt#%
fraction of the oxytetramethylene glycol copolymer sat-
isfy the relationship defined by the following formula

(I1):

1.11 0.3

25 Nn / Ny / Mn < 0.0560 (I1),



10 i) Instrunent Apparatus: TA 2950 (manufactured and sold by TA
Instrunent, U S. A 15 ii) Conditions used for analysis Rate of increase in
tenperature: 10 C/mn Range of tenperature used for analysis: Room
tenperature to 500 C Atnosphere used for analysis: 20 Nitrogen gas

at nosphere (purge time: 1 hour) (8) Determ nation of a neopentyl glycol
(NPG content A neopentyl glycol content 3df an organi c phase or a reaction
m xture is determ ned by gas chromatography 25 (GC). Specifically, the gas
chromat ography of a sanple 96 is performed under the follow ng conditions
to thereby separate NPG fromthe sanple, and the NPG content is cal cul ated
fromthe peak area wherpancNrohait@rfiinmd 39 )theMolaemerged@e® at us: GC17A
(manuf actured and sol d by Shinmadzu Corporation, Japan) Columm: ULTRA1l
(manuf actured and sBfdthy pERRREtCfonERRRREHL YLECA} MORRMRF phase:
Crosslinked Methyl Siloxane (length: 25 m inner dianmeter; 0.2 nm

t hi ckness of fil m oPPRE§uPEepRAEeinOtBS ELgh Melerylanitri9hs used for

anal ysis Tenperature Injection: 300 C Detector: 300 C Col unm: pnmi ntai ned at
60 C forP 5 min, fol FdRedlBovhd fEAPEIAR urRaBedVaRi BRe OB ®OL@Ta rate of
20 ¢/ mn; and, then, maintained at 300 C for 8 mn. Saqple:,lo ~ by wei ght
sol ution of a react PORURTExPEr EREoFeERARYGLATREPRBRYOBET URHLS | i) et hod

for anal ysis Acetone_sol utions_ individually containing 50,,100, 500, 1000
and 5000 ppm of PGS RRe thRanoRRREYY BLPERT HERLES Th s B bRac ogr am
The rel ationship befween 5 {he Rggk.grefsagg%tge NPG concentration is

det ermi ned from t he~6bt'afiedchr nﬁ%o%ranl and the " deternined rel a tionship

s used to cal oyl ahe Lhe NG GRUCERLEALT PROLLLDE RBVRLE) o1 0ul )

. . ht-
Het er opol yaci d cont e e er opol'yaci d use S a catalyst I'n tﬁe pre

sent inyentionGaat aisngdst Yngstepnas;k h?yf?&élciéﬂe{%%eﬁheT@ﬁ{z@%@f&melhe

tungsten concentration of the hetero polyacid was determ ned by I CP-nass

spectronetry a&ﬂylﬁnB5§§y%%1tBSpBQ&ﬁEQPO KaEhdr£QRE €Bh - corrfPPShaAL Uso
PQS2-type | CP-M5™ (manufactured and sold by VG El enental, England) 20 B.

Met hod for | CPtMasareneelkr @mphiY¥: ofCaARRER¥I PBER! Yepros@ht@ngadhbe s
placed in a quartz
molecular weight distribution over the whole range of
from a low molecular weight to a high molecular weight
15 in a gel permeation chromatogram of the oxytetra-
methylene glycol copolymer, wherein the part is taken
on the side of the high molecular weight including the
maximum molecular weight in the whole peak and wherein
the area of the part of the whole peak is 15 %, based
20 on the area of the whole peak. The high molecular
weight-side 15 wt% fraction is obtained empirically by
preparative gel permeation chromatography (GPC). Spe-
cifically, the molecular weight fractionation of the

copolymer molecules is performed by utilizing the dif-

25 ference in retention time, and the high molecular



cruci ble. OO The crucible containing the sanple is heated to cal 25 cine the
sanpl e, thereby obtaining a deconposition 98 product. OO To the
deconposition product obtained in step zO above is added 2 mM of 35 ~
hydrochloric acid solu tion. Then, the resultant m xture is heated on a 5
hot plate to dissolve the deconposition product, thereby obtaining a
solution. 0.1 m of an aqueous 1 ppmin@2um (I n) solution is added to the
obt ai ned solution as an internal stan dard. 10 OO Water is added to the

m xt ure obtained,iB steB a?ove go that the fi voI%ne of the solution be
comes 25 m. YREIEErGLPEnobYh n@ﬁa?ﬁl%rfejps 'F%l% jlé‘ét%’bccfvdaq]ﬁﬂ Nhss
spectronetry. %5 Preﬁ taé on_of a % Qratlon cur I@ seri.es, of

sol utions cont AFACHEOPU §§F CPRATGAPPRLR n%e%??%t? n% Y%P %)%ﬁ?%xﬁf‘ppb by
wei ght) is pre aP an_agu mindium (1n) sol ution
as an internal @ gﬁﬁd8?5m65¥388e8H¥8m%t%953mé%@hé%? ? LRy %Y “$%ti ons

Phe thus obt ai dodced EPBEEHes HEMbRGH, e ARt &rtaseh i fs s dicones”
25 5 99 Ty rtﬁau}lag 3951 005,816 Ul 6L 4 0L P Mt B RSt r Tt Ty

SO as to prepare a ca |on curve. ternlnat on of a eteropolya0|d

content: 5 Theleenga&—egeegﬂee%reﬁg @eiea%éwéﬁa'ahgféﬂ gideddy using

the calibration curve for~tungsten Cont I nuous production of an

oxytetranet hyl %@etHEYEQEtlngQHQ'MHEié ﬂeé}ktfé 9§ § etpabydrgf wan (THF)
contai ning not nore than 120 ppm of water and 53.3 g of neopentyl gly col

(NPQ were addggehOo 2Znbki Bb18epaARDI e |é§4inﬂ"éi A id IRA FHeri@@Pion
tenperature, to thereby obtain a solu 15 tion. To the obtained solution was

added 650 g of cpremRROL¥AASHEC tAGI dxiaeé@baﬂé@&ﬁaﬁeaghﬁé@x opsp Rk ( HPA)
catalyst and stirred at roomtenperature for approxi mately 1 hour, thereby

obt ai nileg a m vEurke Phesehtainednmishuie wASwal hawedgtolst amd Bigll1s0
that the 20 m xture was separated into a | ower catal yst phase and an upper
organi ¢ phase. tAe ar¥tehradethgkens thgceideopd| yherhigls mo bekuckd: usi ng t he
production systemshown in Fig. 2. The catal yst phase prepared above was
charged i nto 2yeightt end2th8ulpightienhahg, sidaciortRe cobdai of nghe hiow
molecular weight, and the hatched portion shows the
high molecular weight-side 15 wt% fraction. There is
15 no particular limitation to the method for obtaining
the gel permeation chromatogram, but a preparative gel
prermeation chromatography was performed in the present
invention. The conditions employed in the present in-
vention for performing a preparative GPC are shown be-
20 low.
Apparatus: LC-908 (manufactured and sold by Japan
Analytical Industry Co., Ltd., Japan)
Columns: Shodex H2001 and H2002 are used when the

number average molecular weight is less than

25 3,000, and Shodex H2001, H2002 and H2002.5 are



100 catal yst phase was filled with the organic phase prepared above and the
excess organi ¢ phase was allowed to flow into catal yst separation vessel 3
whi ch was connected to reactor 2. Reactor 2 was equipped with a 5 baffle
and two turbine blades. The whol e system shown in Fig. 2 was purged with
nitrogen gas and the reaction was initiated by stirring (the notive power
applied to the liquid per unit volune of 3Bhe reactor was 5.6 kWnB) the
organi ¢ phase and the catal yst phase in the reactor 10 while heating the

reactor to a tenperature i.n the ran of from66 ta 69 .C._ Subsequently, raw
material tank 1 was BHE g‘%tbe%ﬁﬁd”gﬁl?%cﬁvlfﬁa&? SE I Dy et IF ng
1,218 g of NPG and 266 of _phospht ungsti ¢ i d _hexah ate jn 12,516 g of
THF and the THF sol u?l %%OV\%E T%ﬁé)l{seaf%brﬂﬁ%%ﬁgﬁ%q ngd‘%rﬁ?%# '?bé’ reactor 2
at a flowrate of 79, /hr_ The resultant reaction mxture in reactor 2 was
circul ated between r%@%Y%rD%P%Rmﬁtgfaﬂ3%F’ édaration vessel 3 as follows.
The reaction ”‘Xtﬂgfe&férffﬂﬁff%é§¥ﬁ¥i ﬁyr%%gg%qghgge%e§§§l.3 fromreactor 2
and 20 separated Tnto two phases, nhanel'y an upper react'ion’forned organic
phase agd a | ower Lon=f or .catal yst phase. The | ower reaction-formnmed
catalys? phase magéﬁggﬁég%ﬁéfoqﬁgag%or 2, while the upper reactionforned
organi ¢ phase wasgi}oned up i £ ected in or 25 panic phase receiving
vessel 5 after passing throug 101 refrigerator 4. Water by-produced
during the copol ypesi Zaht ONof eficd | OTL RS ' 8MaMeghiky W t hdrawi ng an
azeotropi c vapor of water and THF fromreactor 2. The wi thdrawn azeotropic
vapor was condensgampséng SR orm il uTBARS cbnt@inlegeBy welt aicnaa

THF/ wat er m xture, and the obtained THF/ water m xture was collected in

THF/ wat er receiving ¢epklymedhe THF/ water m xture was w thdrawn from

THF/ wat er receiving tank 8 at a constant rate by using punp 12 and fed into
THF/ watter st or ageamBuh@n&f dthd Hnfaeted samgend : 3120 ;ppm or | ess) was fed
to reactor 2 from THF tank 6 by using punp 11 so that the anount of THF fed
to reactor 2 was Saepiang asmbée Aowufitaofidhd: Vb i helkdawn from reactor 2 as
the azeotropic vapor. THF was fed to reactor 2 at a feeding 15 rate which
was the sane as tHempilihdrantegvahtfonffiddyimiser moxisece by punp 12. The
reaction systemwas operated in the abovenenti oned manner so as to maintain
the vol une of the rafteropbhiirime & chrematygramibp EPGiunddre thsd une of 20
the catal yst phase in reactor 2 at 330 ml (thus, the ratio of the vol une of
the catal yst phhS¥etrpenhéonptarondithenss the fragiions emethedeish becane
0.54), the NPG concentration of the organic phase at 0.80 ~ and the

speci f 1@ gravi PPLBFPULRE ¥aiah{sEigmadke sfoblagted st Hee %3 bn
tenperature becane stabl e at 102 the continuousdgglynerization

68 C,
react or (react 8F€3) “hall8pEFatEdordntPHERIRIIAT oFC 35° hb RG, ARt |y,
t et t hyl | | | d d b ti th t
for 100 hour s. trenpel) Park ERSTURERGHET, OAF R eentar e fant e tel "

separated into,ap.upper._re ion-forned organj has nd | ower
reaction-for meaugzlaggl §¥Frpﬁ§éew$ﬂi%afaaﬁq?/%tgfg_efplg?lgt? o_§°€er'§%€ mglaa]ﬂq only the
reaction-for mege9pARNLG. BNATENASLECLLSETGEL (il OT GG ISP Lo ng
vessel 5. The or gani ¢ phase recovered In~organi ¢ phase receiving vessel
5 was yged as 11686l bER- EOLAPENEr G LANAS TN 1 ¢ under 5
oxytetranmet hyl ene glycol copolynmer. 0.5 wt~ of water and 4.0 wt~ of calcium
hydroxi de, eachobased eﬂekesywﬁygbgteint9ehigﬁpﬁbfgbﬁfafmwhfqﬁﬁuﬁ£aé5

phase, were added to the reaction-formed organi c phase and stirred for

approxi mat el y ishqug, skactheheb¥ndr esé phbat opbeymesi gael oPhesehetemgstic
acid as a calciumsalt thereof. The precipitate was filtered off by using a

menbrane filtethepebeadhadehefgh RMoZectldt WEHEnOLs28 15 wtt fraction

pol ytetrafl uoroet hyl ene, thereby obtaining a filtrate. Unreacted | ow
boi | i ng point ggnpaaepted( bew nanet i sl tHe sumk thddke)s eataigird in the
filtrate were distilled off at 80 C under 10 Torr or |ess, thereby
obt ai ni2mg a crudevexytetranet hyl ene gl ycol copolymer. 25 Approximtely 5 g
of the obtained crude oxytetranethyl 103 ene gl ycol copolyner was pl aced
in a 50 m eggplant type flask and heated at 120 C under 0.05 Torr or |ess
for 5 mnutes while slowy rotating the eggplant type flask, to thereby
renove the unreacted NPG As a re 5 sult, an oxytetranethyl ene glycol

copol ynmer was obt ai ned. The obtai ned oxytetranet hyl ene gl ycol copolynmer had
a nunber average nol ecul ar wei ght of 1610 and an NPG copol yneri zati on whol e
ratio NWof 15.6 nold. 10 Next, the remainder of the crude

oxyt et ranet hyl ene gl ycol copolynmer was subjected to a preparative GPC to

t hereby obtain a high nol ecul ar weight-side 15 wt~ fraction. The NPG

copol yneri zation partial ratio Nn of the obtained high nol ecul ar

o A= a2 . o A ~ o~ N - 1 I



Exanples 2 to 8 An oxytetranethyl ene glycol copolynmer was produced in
substantially the sane manner as in Exanple 1, except that the reaction
conditions (conposition of the 25 raw material |iquid containing THF) NPG
and phospho 104 tungstic acid hexahydrate (HPA), feeding rate of the raw
material liquid (F), volume of the liquid in the reactor (V), volune of the
cat al yst phase (CV), specific gravity of 3he catal yst phase, NPG
concentration, 5 notive power applied to the Iiquid per unit volunme thereof
(P/V) and tinme requiyred for,stably operating the reactio ten1(Hr))

whi ch are shown in TaBI 8°ICHRF2 *hpt o %ﬁ qi %b t ife produced

O e LAl B DSV .2 a1y
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5 indicates a logarithm of the molecular weight. Com-
parison of these two types of chromatograms may reveal
the absence of linearity between the retention time and
the logarithm of the molecular weight at the high mo-
lecular weight side of the chromatograms. As a result,

10 the abscissa of an ordinary GPC chromatogram showing
the molecular weight distribution is sometimes extended
on the high molecular weight side thereof. Further, a
difference is observed in the molecular weight distri-
bution due to the difference in the preciseness of the

15 columns used for GPC. However, the measurement result
of a preparative GPC and the measurement result of an
analytical GPC become substantially the same when high
performance columns, such as those which are used in
the present invention, are employed. Therefore, al-

20 though the high molecular weight-side 15 wt% fraction
is recovered by a preparative GPC in the present inven-
tion, it is considered that the recovered high molecu-
lar weight-side 15 wt% fraction is substantially the
same as a fraction of the oxytetramethylene glycol co-

25 polymer obtained by an analytical GPC, which fraction
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including the maximum molecular weight in the whole

peak and wherein the area of the part of the whole peak
is 15 %, based on the area of the whole peak. In the

10 present invention, the preparative GPC was performed
using LG-908 (manufactured and sold by Japan Analytical
Industry Co., Ltd., Japan) as a GPC apparatus and Sho-
dex H2001, H2002 and H2002.5 (each manufactured and
sold by Showa Denko K. K., Japan) as columns, and the

15 analytical GPC was performed using HLC-8220 GPC (manu-
factured and sold by Tosoh Corporation, Japan) as a GPC
apparatus and TSKgel SuperH3000, TSKgel SuperH2000 and
TSKgel SuperHl1l000 (manufactured and sold by Tosoh Cor-
poration, Japan) as columns.

20 In formula (II) above, N, which is the molar per-
centage of the amount of neopentyl glycol monomer units
present in the high molecular weight-side 15 wt% frac-
tion has a large influence on the glass transition tem-
perature of the whole copolymer. In the polymer chains

25 having high molecular weights, the glass transition



N 107 Conparative Exanple 1 An oxytetranet hyl ene gl ycol copol yner was
produced using a 2-liter separable flask equipped with a fractional
distillation apparatus (conprising a fractiona 5 tion colum, a
refrigerator, a reflux valve and the like), a stirrer and an inlet for
feeding THF. 220 g of THF and 185 g of NPG were added to the separable
flask and stirred to thereby obtain a ho®6geneous solutipn. To the thus
obt ai ned sol uti on was added 500 g of 10 phosphotungstic acid hexahydrate

talyst) whil tirri t o Ihereby di I talyst. in th
Sorution The SBRRFARTES (etiiendri TR eR e 3HC G NaaRTied ot

100 C and nitr as.was fed to the flask at a edi rate,of 10 m/mn
fromthe upperggggp%?f}%ﬁk%ﬁow?ﬁaF%ié?ﬁ%$§¥dﬁmﬁttg§ 58%?ﬁ8re$8? The in ner

pressure of tg, separall e {) 45K d5o MEL Y81 0l i AaiBGeu. Ryt 0 o

the flask with”an aust  val ve Ch Was a en the

i nner pressur f r 0] A Q. T int in
ti me when the%%n%%?%%?gg%?&%%é%%i%ﬁg% ecnﬁée%:ﬁi%gﬁ%%nm%tﬁce&garded
as the point iQgetj i Qb4 .aki o0 t ﬁ%%;' Thereafter, the

t emper a?ure ofgfhjéﬂge}g%?lﬁgﬁojfn%%%% ‘&é/a]%s&{rrglér}t?%c? el fa%qs;%e'by feedi ng THF
to the separable Tlagk. ;A8 M 2R MBS R eddtid (D! W (Hie-

reaction, the bottom 108 tenperature of the fractionation colunn was

adj usted to apppoxi Rt ef YedPeft 1P +AEL LAY 1 1) LA A0 6 G fg-actiondl em-

distillation of mater-contijnlng THF. The copol yneri zation reaction was

continued for gdédrheslstofmile Soebovea NBRt 10 eskdesiierindatitdis t kthd
COpO| yneri zation reactlon, the reaction mxture began to separate Into a

cat al yst phaseifngdsaprofr&erdd t@sethd\ CHRWE Was phsgw et ighddidle.

di spersion of the catal yst phase in the reaction m xture and the viscosity
of thelgepar atiowdOerat fh yistagphise, | hereaseschn Gy dhinfeei s lith tide
progress of the copolynerization reaction. After the term nation of the
reaction, the ptoducagaotopdeymenchadingi xtpirealws ¢lff Scesd i thead GuaBs he
reaction mxture was allowed to stand still for 20 min 15 utes to thereby
separate the reactiBre ndxytetrams thy enehakesl ramiyymer qfpdhe pre-
reaction-formed organi c phase and a | ower reaction-formed catal yst phase.
640 g of the uppet Pewertben v crfhet Prestbews-mestiovarrest dhyasm t he
flask while leaving 340 cc of the |lower reac 20 tion-formed catal yst phase
in the flask. Jeteddsties (he tppet) resseibbhs fUMREAV S} gl ctemReAwas added
5 g of _cal cium hydroxide and stirred at roomtenperature for approximtely
1 hourlPo precFpFeaPEOPPEL12S| 3G CRAtRE yREVARERISMRLY the D fRT F%%Ut e was
filtered off by 25 using a filter. THF contained jn the thus optained 109
filtrate was d g????eﬁl%??lﬁlp%ﬁp%YEﬁd%?VﬁfﬂT%ﬁ?e%%F?Fuﬁﬁﬂﬂﬁﬁﬁﬁﬁﬁ'n a crude
oxyt et ranet hyl ene glycol copoly ner. 10 g of the obtained crude
oxytetranet hyl ene gly col copolyner was placed in a 100 mM eggplant type 5

flask and heat ed 0 A Tort, ' her eb
remove the unr eact el Rt HRS o def il 82 e U ing 0, e Y
| ' Thee Obs A y 5ol 10
a0 a number aJSTegs SePRHITRr vl R BrABob Dt an oA o
whol e 5gti o Npphy38 1B dterdPerSOREENDFEbELPR1IOE fhe k9Bl iy NPG@aws not

| ess than 1 ~
tail below.

The method for producing the oxytetramethylene
glycol copolymer of the present invention comprises:
subjecting tetrahydrofuran and neopentyl glycol to

25 a copolymerization reaction in the presence of a heter-



by weight. The a value (represented by fornmula (1)) of the

oxyt et ranet hyl ene gl ycol copolyner was 2.0 x 10-4 15 and, thus, the

oxyt etranet hyl ene gl ycol copolymnmer sat isfied a requirenent of the present

i nvention. However, the ~ value (represented by fornula (11)) of the

oxyt et ranet hyl ene gl ycol copolymer was 0.0567 and, thus, the

oxyt et ranet hyl ene gl ycol copolyner did n&7 satisfy 20 anot her requirenent
of the present invention. Qher properties of the obtained
oxytetranet hyl ene_glycal co polyner are shown in Table 3. Conparative
Exanpl e 2 25 AHPS%gﬁgﬁpaﬁéFﬁ Y&he gl ycol copolymer was produced 110 using
a 2-liter separable flask equipped wth a fractiqnal distillation apparatus
(conmprising a fractF%ﬁaF?BﬂE%%gﬁ ?thP?e¥??iﬁ&%R§§%1%9r%ﬁWEbPRRﬂ and t he
like), a stirrer gnd ag Lnlg% for feedin%fTHF 220 g_5 of, THF and 150 g of
NPG wer e addedPEBEPRECEeplr SBP PFPESRCANTE sYFFFEAR o t FEHEHVIBET &% a
honobgeneous sol u;i on. .To. the thus obtalilngd soltjtlilon V\%; dded 500 %_ of
phosphotungstiBO &g ﬁeﬁﬁﬁyara?QCE%E e ?af?% % WArT e 9% |n%, % t her eby
di ssolve the c I ' h o] jon S I s. 1 mrersed
in an o%l bathgég'ﬁﬁéfkgaka§n§5kg9é%ﬁ£%?t?% gﬁlgggaggg %éﬁfﬁﬁéﬁg'??ésk at
a feeding rate Lo f e ti I or
attached thereP§&Y¢%gg%ﬁg%§np%§§§E$g %ggtﬁgggépggggféué %%ie%%ggﬁgl t ai ned

at 15 0.2 kg/ ngg‘egyw%eﬁi g%ggylﬁfoéﬁ@ég %t@hgn?ﬁ%gg%%%$%%+¥fom h was

adapted to be opened en t I Nher pressure o e flask reaches

0.2 kg/ cn2G  ThetRBhNko! BhhtMBn¥NERoLAE LETPEEEEULS Q4 jhdEedeREt40N SyStem
reached 85 C was regarded as the point in tine 20 of the initiation of the

reaction. Thergafter ynkheiheAPewat phesOf r& 88t 1 8ACLY SR Xé UE SrHes

mai ntai ned at 74 C by feeding THF to the separable flask. 40 M nutes after
the iniito ati onwafichheomgatkedNant BeghRiEOphacaPEsmbHi€ing & heoftLéh Onation
colum was adjusted to 25 approximately 70 Cto thereby initiate the
fractional 1% diesbehlkglli ghyodlwahetetpahpdno fgrdidFand hieaeDp@l yneri zati on
reaction was continued for 18 hours in the above-nenti oned manner. During

t he copol yneri nabpentydagiiyon]l tbecepbtratdonnoftfirenbegah to 3eparate into
a 5 catal yst phase and an organi ¢ phase. A change was ob served in the

di spersi on of wkaégbat &l ybaspfiase thetWeigbtcofohher argarianphase, vasgdosity
of the separated catal yst phase increased in accordance with the progress
of the copol yner tgirebydreforennaqueonst hetehnepebyathdt Poasef cemprigact i on,
the stirring of the reaction m xture was di scontinued and the reaction

m xt ur &5wvas al Foged solstirn ofi pnh pouegpsateE’Prebyantd epytatpatate t he
reaction m xture into _tw phases, nanely an upper reaction-fornmed organic
phase 15 and atP&RERYAEIELFBR- ABHANBEVERTaPyEPCHRESE. 973V Y of £ t HECMpper
reaction-formed qrganic_phase was recovered fromthe flask while | eaving
340 cc of the Poﬁegoréaétion-forned catal yst phase in the flask. To 640 ¢
of the upper reactiog-fonne organgc ﬁhase was. added 7 ? 20_of galcium
hydr oxi de and stirr88eEEPoSHE ﬂB Harora ?8?05%%?5§f%% %?yrﬁa% urttt o
precipitate the _resi at.alyst_ac ClLpLtat filtered
F by using aip Frariivef” unYS! ndifratiihe, HHE BRBChRabE; Frtblith o
distill of f C upd 0 0,2 : '

oxytetfgﬁethylg Sﬁgﬁycgp g%ﬁ%g?g Eéﬁ@ %E§?£€8§gg%%Q%Egéﬁﬁﬁggﬁggﬁérude

oxytetranet hyl gne gy %gtnpse@g%z,mar rdg8tRbACcedrhd aoéggn_ H9BLagbn L ype
flask and heated at 120 C under 0.1 Torr or |less tor m nutes, to thereby

remove the unreaghedg\NBE cA9tetPamtHiiend8Ng@¥¥bet £8PBIPNLEENRaGLNGOL
copol yner was obtai néd. The obt ai ned Oxytetranet hyl ene gl ycol copol yner had

a number averaa@mﬁg&e%ub&&S@Ehgmbcqﬁaisaeigﬂd af NPGmcopo! yaesbgat 4pa whol e
ratio NWof 21 nold. The 10 concentration of the residual NPG was not | ess

than 1 ~ by weiaghleacthenarezhea teepangarbedrhy/hghavha hékeropoliie

oxyt et ranet hyl ene gl ycol copolyner was 3.2 x 10-8 and, thus, the

oxyt et regret hyl er@dglpheele ;copol ymer satisfied a requirement of the present

i nvention. However, 15 the ~ value (represented by formula (I11)) of the oxy
tetramet hyl ene gl ycol copol yner was 0.0568 and, thus, the oxytetranethyl ene
gl ycol copolyner did not satisfy another requirenent of the present
invention. Other properties of the obtained oxytetranethyl ene glycol 20
copolynmer are shown in Table 3. Conparative Exanple 3



An oxytetranet hyl ene gl ycol copol yner was produced using a 2-liter
separable flask equipped with a frac25 tional distillation apparatus
(conprising a fractiona 113 tion columm, a refrigerator, a reflux valve
and the like), a stirrer and an inlet for feeding THF. 200 g of THF and 76
g of NPG were added to the separable flask and stirred to thereby obtain a
honogeneous solu 5 tion. To the thus obt&@sed sol uti on was added 500 g of
phosphot ungsti ¢ aci d hexahydrate (as a catalyst) while stirring, to thereby
di ssolve the catalyst in the solution. The separable flask was i Mmersed in

an oi | bath maintai AER2RRTERICERGHECROEHPRTFOT TR RSNt RPRRFR 19Per at ur e
of the reaction _syste eache 1 Cwas.re garded_as th oint in tinme of
Che i tiation BihiRe EBBcorghettaErEartene ThecosnnapalvRer ofrometheact i on
m xture was nainta&ned a i F to thg separabl e flask. 40

t 71 C by feed LT
M nutes after FﬁgoiXWFF%FF%ﬁOBfr%%cfﬁgnpﬂé§¥¥5ﬁf A8 bottom tenperature of

he f ' ' I dj d ' 69, .C h b
Initiate the fracti SRAFCAFLED) FA0i BNE oFY SR8 CrAOnvRT i FiPiekey hhs '~ o
I [ [ ' ' f 4 h ' h bove- [ d
rannet | Srhe- 20 R8EET; bRBAYARE, PRbhoHE \8anf EploehEnel L RaR R IRRRF S "
. . Riiid oSphEt e .
M xture began to separareranpbiEa PR IThMENLShERE! afPeol (RRERC 'R

change was obsgryedai,nmble, dL$ReESEO th%£g€e5§£aL5ﬁ§lgggs 19801 NE- 25

reaction m xture and the viscosity o epar at e at al yst phase

increased in aﬁ%@?ﬁ@BCQfWEBQ.bBESQﬁQ 9h$ERt 2bn ! hertORUPIBMAAd Ot he
reaction. After the termnation of the reaction, the stir ring of the

reaction mxtupgewastdif¢entiBHEdsaBEmMpHEed bLAEHELR B EIMHELoMESs al | owed to
stand still for 20 mn utes to thereby separate the reaction mxture into
two phages, nasekyig&nmefppebntaast h0Bmh DI NBoGh 82 Cobhas e BNEr atypMer
reaction-formed catal yst phase. 920 g of the upper reaction-formed organic
phase was recoeemedoh@rkl. onEtdiepIdaskEt WiHer | @avdigmeddd it 1ofdet Be | owner
reac tion-formed catal yst phase in the flask. To 640 g of the upper

reacti on-for nesethganitetphhgdrofaaraddetl, 9-pgropyrahei uribgdr dxmeehand
stirred at roomtenperature for approximtely 1 hour to precipitate the
resi dual 15 cavakeyseneandd thenlikhe pirecysh are awstdtitdmsytdgr e by using a
filter. THF contained in the thus obtained filtrate was distilled off at 60
C under 10 Tor glygoilheppbyydbrai tha eppnddyvsyieatianant hgtéaeof §col copoly
mer. 10 g of the obtained crude oxytetranethyl ene gly20 col copol yner was
pl aced 15n a 10G°mPnengpl anherypban| BBk afdtheasadeapsipbat ofd¥PGO. 1 Torr
or less for 5 mnutes, to thereby renove the unreacted NPG As a result, an
oxyt et r anet hy| 8ABegFyEolfOcdBoMyhér was ob tai ned. 25 The obt ai ned

oxyt et ranet hyl ene gi Cﬁ#@fo ol r ,.115 aad a nunber average nol ecul ar

Wel ght of 1750 and SHENPELEORBPIREFLSaRSeN Aok CPPLYRET MFFBIOACCHEAT. The
concentration of the_ residual NPG was 500 m_The_nol.ecy| ar i ght

G Strbuti on MR GF ERE BBPAPRGC BYS 5PBL FAnBtngreRcoBFoLBEE cliol yrer
was 1.8 and, t H%’ckﬁﬁe8éxkikka€%tQX'SQE%Q'XEOLtC§88L¥”§reS%t£§1'Ede9
require nment of the present I'nventiron. weVer 2tt ne®2tvalte ?repre%ented by
f or mul [ . LLh r h n c . and,

t hus, ?ﬁg oiitgéfg %SQéé%ﬁg!ggghgﬁbgoﬁrgg%ogéﬁ%?Bg#égﬁéfmgg%?2$§§§ﬁother
requi rement Of(MB?,pEﬁﬁgeEeh“Y@@thﬂﬁ-vghﬁﬁiuﬂf?QittPﬁa 2k SQg%BP&abﬁed

oxyt et ranet hyl ene gl ycol" copolymer are shown in Table 3. 15 nparative

Exanpl e 4 An o¥yhekr éﬁ%h@ﬁ't%ﬁesgt:ﬁ?tﬁ% BRB.LHBBLSRS ) Pr 0dYEEEn UBERY, @

2-liter separable flask equi pped w a fractional distillation apparatus,

a stirrer and amsenhiet (heX,f gedhadithF(c8%0 BoebnTld)and;8andumf (WNPH were
20 added to the separable flask and stirred to thereby ob

cerium (Ce) and cobalt (Co). The atomic ratio of the

25 metal species (any one or more of metals selected from



taro a honogeneous solution. To the thus obtained solution was added 600 g
of phosphotungstic acid hexahydrate (as a catalyst) while stirring, to

t hereby di ssolve the catalyst in the solution. The separable 25 flask was
imersed in an oil bath maintained at 75 C 116 while stirring the
solution in the flask for 15 hours, to thereby performthe copol ynerization
reaction. The excess anmount of by-produce&® water (i.e., remainder of the
by- produced water after consunming a part of water 5 for form ng the polyner
term nals) was renoved together with THF fromthe reacti pn system

er b
fractional di stii€ [9XOPEn CORRLSELRE; PEYR . (WHEPUaY &r CRRRELRE %\%stlf“"é)é to the
bot t f ti I, f gl di ter: 44 hei ght: 100
) whi ch was BESEEERRRERCLY 380°406F REPBLOFArLe] EORCRESRETBAYES E her oby
remove water by, a%sgr%tig%. The water-renoved m xture (mainly conposed of
THF) was mﬁthd%ﬁ "Pr ot tHe top of the adsorption colum and returned to
th ti t B f ing.the distill t d '
col urm. 15 the’ adsolBE: G4 AP AALC TFT clowtt ntFer R0 %G & VAT cont ent

f t th 0 [ I 4 Y j.stillat

gbt gione 211‘6t er%géar c?r%%@ngélto%;géggﬁtﬁg# gr' 1 %%luérlg(s %@ﬁedrléﬁieo%\gf%_nation
£ th {ion o o : . . . ti q
and the react SToRORaratiadnl) PALEy HIBLbER kAR L e PO o the

reaction M xturg gt BrionBREREs  1RATBLY APnBRREG E96ELOANLOEIEC,BLgaNI ©

phase and a | ower reaction-formed catalyst phase. e upper reaction 25

formed organi c JpRASR MR yHREPUBEAY cOUcH8CaPhaEHRAMoTPbdotddgbPE- r ecover ed
upper reaction-fornmed organi c phase was added cal ci um hydr oxi de, to thereby
precipitate theanesiiduakieat hysbhotifgBte¢hRhlidteavas, f phbsprd- of f by
using a filter, thereby obtaining a filtrate. THF and 5 NPG contained in
the filloate waicdybadshviedilky adigl, i kiatceBuhgsther a8ydapbsal DecémylgeaLS
oxyt et ranet hyl ene gl ycol copolymer. The obtai ned oxytetranethyl ene gl ycol
copol yner had acidnbeslacemagdgbdoteaukaicwecyi oiliddfioapddatulds PG
copol yneri zation whole ratio NWof 13 nold. The concentration of the

resi dual NPG wasn@@dd cppaidlhgeamaabiengsepceseniedbbyoftongatac(a¢idof the
oxyt et ranet hyl ene gl ycol copolymer was 1.2 x 10-8 and, thus, the

oxyt et ranet hyl éegogiojybldicopolignebogampdfybddtungetis gaidenkaroof the
present invention. However, the (3 value (represented by fornmula (11)) of
t he oxyt et r anemelivddevgingddlc ecpdl.yheromasybdosergandyanpdic apdd,

oxyt et ranet hyl ene gl ycol copolyner did not satisfy another requirenment of
t he preéelsent i nrepeildmolodier agddpr 6pbpifbungstipeaebd ai apgenomolybdic
oxyt etranet hyl ene gl ycol copol ynmer are shown in Table 3. Conparative
Exanpl e 5 An 0@ftiétr ASERPILERGSERFc Lo pbyARPMAAEPPLEIRERE 2B9using a
2-liter separabl e fl%?ﬁ e uippﬁq with a frac 11% tional djstillation
apparatus, a stASCBPIRGL5n aChfet 2PGr MPEB iﬁ@l?ﬁF.hgﬁﬁog'of ®¥and 51 g of
NPG wer e addedi;o tEF s%parable fL@gk and stirre tg thergbé ogéain a
honogeneous sol i .h? CERECIKGS 18b 8 ABqCEEETPuPPERREE B¥dERS 510 g of
phosphot ungst i i hydr at e a_cat al LLe LET] .

Phor by di o sortshaemsatitn v 20 ofdielsr iR 8bine Sl L bPPstE ns

i mrers in an Qi h Lntain . Whis R t e ution in
the flask for ﬁ% %%ﬁgg £ ht§%$h§?5%§ égpg%§ﬁébﬁeg%ogélgﬁgrﬁia??gngh

reaction. The @S&%%?.da%ﬁuﬁtt 9ol Bh‘éd\é%ﬁl?w@t Eéléktéd’ £LERBPNERE 81 the

by- produced water after consumng a pari of water for formng the polyner

termnal s) was re”DW%dtBQQ%EE$ﬁEWiHBvIHEiBhQ”tBQec6§8§?%@Bi§¥§iéﬂ1P&—

fractional distil 15 lation. was continuously fed the flask so that

the anount of Hdtifoed ils0 cbﬂQiEh;%%'é_lF)aﬁe'&:BSrﬁéﬂeiﬁS thBep2BREALe0bs Tk -
withdrawn fromthe flask as a distillate. After the termnation of the
reaction, the sdr i RY cOhtlihRoueacbpenyhexti daeivas réaseont wAtued apd-t he 20
reaction mxture was allowed to stand still to thereby separate the

reacti a@s m Xt urte nudhe® IZWWE epldd 3185 t etdiaBlyMrafiutppe anaeaebpentiar gegcolLgani c
phase and a | ower



reaction-fornmed catal yst phase. The upper reaction fornmed organi c phase was
recovered by decantation. To 25 the recovered upper reaction-forned organic
phase was 119 added 8 g of cal cium hydroxide, and stirred for 30 m nutes.
The resultant m xture was allowed to stand still for 1 day and night to
thereby precipitate the residual catalyst. The precipitate was filtered off
by using a 5 filter, thereby obtaining a4dltrate. THF contained in the
filtrate was renoved by fractional distillation at 40 C under 20 Torr.
Subsequently, the still residue was allowed to stand still at 120 C under
0.1 Torr or |ed® ftbe SORLARULYSURARPLYBABLERBASWREREFATt ARAtWRLLS 10 ness
of the polyner filmbecane 1 cmor |ess, thereby renoving NPG fromthe

still residue. CROTADPEYGLY TeBOVINGr WAtGF sHBLSRCoPoPYABFORRSSEnt R HRE. The

bt ai ned t et t hyl I I I nmb I I
el ght of 1720 RRT LAERBEoPoRBPS AP AD! BRARNGRE PAPFBENGY FE S8 ol d.
Th trati, f, th i dual___NPG 600 T | ue, ted
by Formul a (1)) 0P aHE oy e PatetRyl LHETGF)col CUBpBroRer FORECAoR L 10-8
and, thys, the ox*%etnan&th gﬁge Igcgl pqggl%ﬁerasatisféqg a reguirenent
of 20 tHhe pres«§|¥ts AV eft i-Of we R S TG R ‘E‘f’leopr?e %eta‘?"éac y formul a

[ f th .et t hyl I : , th
Oxyt et raet hyl SRASSy a8 SESRaLsnetaar S Thar S s RRaen BhurbEhent of
oh C : ' . . 5

€ presen '“&%@%gﬁ; i R§r 4 IQQ‘EEBhgarﬁEuLQﬁ Qt’ilgg@@g;é 2,38ORPREYE b 4

oxyt et ranet hyl copolymer are shown I n
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comprising a solution of an agqueous heteropolyacid

catalyst in tetrahydrofuran and having a specific grav-
ity of from 1.8 to 2.3.

15 In general, an anhydrous heteropolyacid is spar-
ingly soluble in an anhydrous THF, but well soluble in
a mixed solvent prepared by adding a small amount of
water to THF. Water, THF and a heteropolyacid can be
mixed together while adjusting the amounts of water,

20 THF and heteropolyacid to values within their respec-
tive ranges wherein the resultant mixture becomes a
heteropolyacid solution, to thereby obtain a catalyst
phase having a specific gravity of from 1.8 to 2.3.
The reason why the reaction system used in the present

25 invention separates into two phases, namely an organic



x O0ar~0G-~rozz N 121 Conparative Exanples 6 to 8 (Continuous

pol yneri zation using a catal yst phase having a specific gravity of |ess
than 1.8) An oxytetranethyl ene glycol copolymer was produced 5 in
substantially the same manner as in Exanple 1, ex cept that the reaction
conditions (conposition of the raw material |iquid containing THF) NPG and
phosphot ungsti c aci d hexahydrate (HPA), fageding rate of the raw materi al
liquid (F), volume of the liquid in the 10 reactor (V), volune of the
catal yst phase (CV), spe cific gravity of the catalyst phase, NPG
concentration,P&GﬁﬁvénﬁoﬂeﬁaﬁﬁbYFEdp¥%§%+u§ﬂiQﬂB(fqiiylﬂ%q¢%ﬂﬂ§$99 t her eof
(P/IV) and time required for stably operating the reaction gzsten](Hr))

whi ch are showﬁqtnl?aBFeCQHESdﬁEFé EﬁﬁFo?eﬂma#%ea%9%®Er?fé% Tt¥® produced

oxyt et ranet hyl ene Lgc%I co olgnehﬁare shgmn in Table 5. As apparent from
Tabl e 5 bel ow, “@RER18R e tRopBLY REFETORPLYASHY i n Conparative Exanples 6 to

8 had the ~ val ted by_f la (11 tisfyi 0 ui t
of 'the present i nvellbPBntiPORREELE PrEravity (b (Pipr ettt B %8 il (1))
of eachéﬁ t he copol%neridgiatgot sat i sf her {gqyére

anot nt .of ihe
present |nventﬁgﬁ? t_f?z SgP° Y@%EXEagip%_ﬁf B ~¢§i¥)i9W§'NE tr
N 103,60 [0y hal Ry FeflnFhonsiia th e DRSSk rdee Y - -

~ ~ 5~cvo~ ~ H
§&+;8—9PELIriN%Ner%Zoﬁggrﬂgkgeﬁiyul3ﬁy.+7E;Eﬁf@suf&}wﬂﬂg%ﬂ%ﬁudgdﬂnn r=
oxytetramethylene glycol copolymer has a broad molecu-
lar weight distribution and exhibits a high glass tran-
10 sition temperature. Accordingly, it is preferred that
the catalyst phase has a high specific gravity, espe-
cially a specific gravity of 1.9 or more. However,
when the specific gravity of the catalyst phase exceeds
2.3, a part of the heteropolyacid catalyst contained in
15 the catalyst phase precipitates and the catalyst phase
becomes a slurry. The precipitated (solidified) heter-
opolyacid catalyst moves rapidly between the catalyst
phase and the organic phase, thereby causing the cata-
lytic activity in the organic phase to become high. As
20 a result, it becomes difficult to produce a copolymer
having a narrow molecular weight distribution which is
obtained by the use of a catalyst in the liquid state.
In addition, since only the acidic groups at the sur-

face of the solid heteropolyacid exhibit a catalytic

25 activity, the precipitation of a large amount of a
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the reaction rate.

There is a correlation between the specific grav-
5 ity of the catalyst phase in the reaction system and
the amount of water coordinated to a heteropolyacid.
When the catalyst phase is produced using a heteropoly-
acid in which the amount of water coordinated thereto
is 6 moles per mole of the heteropolyacid, the specific
10 gravity of the catalyst phase at room temperature be-
comes 1.6 to 1.7. Therefore, in order to obtain a
catalyst phase having a specific gravity of 1.8 or more,
the amount of water coordinated to the heteropolyacid
must be less than 6 moles per mole of the heteropoly-
15 acid. It should noted that the specific gravity of the
catalyst phase is not determined solely by the amount
of water coordinated to the heteropolyacid, and that
the specific gravity of the catalyst phase is also in-
fluenced by the amount of NPG contained in the reaction
20 system and the temperature of the reaction system. 1In
any case, under the polymerization conditions employed
in the present invention, for obtaining a catalyst
phase having a specific gravity of 1.8 or more, the
amount of water coordinated to the heteropolyacid must

25 be less than 6 moles per mole of the heteropolyacid.



124 Exanple 9 (A method in which the copol ynerization reaction is perforned
in the sanme manner as in Exanple 1, but the catalyst renoval is perforned
wi thout using Ca(OH)2) 5 1 liter of tetrahydrofuran (THF) contai ni ng not
nore than 120 ppm of water and 53.3 g of neopentyl gly col (NPG were added
to a 2-liter separable flask and stirred at roomtenperature, to thereby
obtain a solution. To the obtained sol uti4ggn was added 650 g of 10

phosphot ungsti ¢ aci d hexahydrate as a heteropol yacid (HPA) catal yst and
stirred at roomtenperature for approximately 1 hour, thereby obtaining a
m xture. The obtai né8 FQtRFeseRE HWMYREEPR o BhadtPGtaancedy nadeion

m xture was separated into a | ower catal yst ghase and 15 an upper organic
phase. An oxyt éPRaREBADLENBREFGCHF BaboFdiRed Wk Hroud@d Wity a
continuous production systemshown in Fig. 2, The pata“yst hase prepared
above was char HEHCERAPELPBactRE Sffephs cRtidmtintaining of %2Q§§n%ﬂ fHY the 20

catal yst phase was filled with the organi c phase pre red above and the
excess organi c tpRAE$8MWAS EPFO%@a?bcfg%W?n b %a?‘grfilgé)na‘%e‘ﬁ]r%?ijo% SEssel 3
whi ch s connetted o,rﬁﬁcﬁor 2. Reactor 2 was equipped with a baffle and
two turBine bl B4BEHeFh&PWAGF& Lyst em shown 25 in Fig. 2 was purged with

nitrogen gas and the_reactio 125 was initiated b tirring the organic
phase and the cat al ggtggﬁag%fme¥h%a1fJe%r(\,t%?a%lﬁne ée/asl}engpﬁ%%rfteal(ﬁ or to a

SN A G N L
NPG and 266 ¢ 9§°P2§5§Qtwﬂgéﬁ'fn?gigeFe%Zﬁﬁﬂqfﬁéhééhéi%éﬁé}ﬁbﬁ%e'F and the

THF sol uti on was romraw nateri a 0 reactor at a flowrate

of 79 ni/hr. Tm61E§§mgteesc£§aﬁgi09u8$X$yr§ ifbiﬁﬁ“%é%iéhﬁ@$p&i§ﬁ%ﬁfﬂed be

10 tween reactor 2 and catal yst separation vessel™ 3 as foll ows.

reacti Qg mxtupgtWea bedrhp, CAl BL¥RinSEPEH FbQPL VYOS SGE thd O Iggctor 2 and
separated into two phases, nanely an upper reaction-formed organi c phase
and a | ower re@ﬁﬁ:&@ﬁiﬁ°b8§§m§ﬁi@£¥§bnWgs%eTﬂﬁﬂ&§PWoﬁ§%£imPEfOf med
catal yst phase was returned to reactor 2, while the upper reaction-forned
organi ¢ phase waa &l evpdiypedinda€obhecé&dtion OcGap Ls Pigse deicgdvang vessel
5 after passing through refrigerator 4. Water by-produced during the

copol yneri zat i ahoheaohiiensa0ivasbe eworrda byyitdigl agdogp anf aa epbéropt ¢ vapor
of water and THF fromreactor 2. The w thdrawn azeotropi c vapor was
condensed usi ngadofd@nsnhy apdns Kyfovother @byupbofii el thd weeenimakt ur e,
and the obtained THF/ water m xture was collected in THF/ water receiving

t ank 81525 TheNPHAFundteprniart Y¥PEé masomerhdrigven fohemprHmeatigratrieon 126
ceiving tank 8 at a constant rate by using punp 12 and fed into THF/ water
storage tank 9refFtipcpater reshrcned updepparpdltiany wRRTre¢Ew &oPPE¥Ttor 2
from THF tank 6 by using punp 11 so that the ambunt of THF fed to reac 5
for 2 was the ¥&f%echéiphecnfrbahingf oFHEHE { RarhwhS f r BR® rea8ior P akhehe
azeotropic vapor. THF was fed to reactor 2 at ETfeedin rate which was the

same as the w CREPAVMRY MaiehororpiErhat 8F Tkt UFRF BYOPeRplIBeT The r eact i on
system was operatedq.in the above 1Q nentjoned nner so as to maintain the
Vot ume of the. BaBBYonvhiEhute PRORUSEROPYLE BIBTH CRRLObF (RRLER"{ he

I h [ 2 30 h PG ] th [
phace’ 20 b, G0 SARATLAE-<BRE: Fi B QPAVIDYSCP Phevatar yars HARRECAPS 150

e 3%, oot P B Eo RO Te 300 8o O Bt BecampeliopLs |
Subseavert Y, MRS EOTRL ot Shysghe SOl bR SRS

operating the reactor resualtant copofyneriz

reaction mxtu r LN a regc.tion- gani ¢ phase
and a | ower reg§?¥@%9ﬁgggegggggglégg ghggga?ﬁ ggt%l&?? @g%ggg%?gn vessel 3

and onl'y the rgagGhansbauiRd 8hgani naRiRaca"8Rofe! APt REmbPoRIRBE! fophase

recei ving vessel 5. The organic phase re 25 covered in organic phase

recei Vijkg Vessglion WaBhisEEoRS, tHE mél&ORLAF Ofef TR Sl Cidhase
cont ai ning an oxytetra nethylene glycol copolynmer. The volune of the |iquid
in the reactor was 610 m, the volunme of the catal yst phase was 330 m, and
the 5 concentration of NPG in the organic phase of the reaction m xture was
0.80 5 kg of the reaction m xture was taken out from organic phase
receiving vessel 5 containing the reaction-formed organi c phase produced
whi l e stably operat



10 ing the reaction system THF contained in the reaction m xture was
renoved by fractional distillation at 50 C under 50 mmHg so as to obtain a
copol ymer concentrate having a copol yner concentration of from45 to 60 ~
by weight. 15 To the obtained copol yner concentrate was added n octane in
an amount which was 1.5 tinmes the weight of the copol yner concentrate, and
the resultant m xture was stirred so as t4# enabl e t he phase separation of
t he catal yst which was di ssolved in the copolyner concen 20 trate. Since

flgsyagon;ﬁ} “urte PBnae o YfgﬁﬁrFE}tﬁgwgﬁPﬁl givephaserr FOReT e Bt eo?'gimc
fi rts o ed ;Imfeﬁ' g’ﬁhrlﬁé‘ %ﬁéﬁwﬂhzgﬁFsﬁawgﬁgiﬁﬁfgggé?ﬁéf cFod 58 el b nadedof
128
Pt ra ;eawagoé(')“?t SpdRsPorFhg) gﬁfg Fegta t;?}'gg %36€6|"<}%%?§£80%2§t$%%? on in
terns o tungsk%ggcgﬁggggﬁ%aggﬂyt : BEH} The.filirat # §P§ the organic
ys ase)  Was o

phase obtained a renovi ng e ca a colum

packed\gtrlapprOX|ggEeh¥0&?ggﬂgf T To ed mﬂgog?%gg?5ggreby adsorb

and renove a snmall anpu cataly ved in the

filtrate by thﬁeﬁ%&bﬁ@ﬁgG?ﬁ259991ogh91£'i&rﬂé§e¥@§r edst 0o 1 86t £04 at 10

a flowrate of l'iters/h y using a punp. After the treatnment wih the

activated carbeprebhf £8ACYLIPILE éaEHBﬁléeHJ_lL&'ﬁQH.zJ&'@iioﬁ betegppol yaci d
(phosphotungstic acid) concentration in terns” of tungsten concentration of

0.5 ppm 15 SulspedenthyiylHEnwagpdietinkhedonbl éagmiﬂhereisfby@ainéa usi ng
an O dershaw distillation colum (nunber of theoretical plates: 10) at 50 C

under 440 mHgontiRenebyathtaining andHrpGeaBHEEnt BXYi6AT 8FEEhY| epe gl ycol
copol yner solution in octane. The obtained oxy 20 tetranethyl ene glycol
copol ymer sol ugiadicwphaceohedat BodBtEngovasusepar ehe thArgeopsl yaem sol ution
into an noctane phase and an oxytetramet hyl ene gl ycol copol yner phase. The
oxyt et ranet hyl @n@5gktycol 5ceopdl ymer ighaonsdde redc dharte dnaapprpartiatliel y
purified reaction m xture. 25 The partially purified reaction m xture

cont ai ned 12ems38nt by WeGghtnotiansoagt et sanBabyarhefgrytbe THBPol yner, 46
~ by wei ght of n-octane and 1 ~ by weight of NPG The nunber average

mol ecul ar wei ghtom@gpo lymed andthhechPElyspobhaeei zanfiohhhhokrabiesoaNW was
15.5 nold. 5 Exanple 10 (Two-step purification nethod) An oxytetranethyl ene
gl ycol copol ynéengadHguhpmppalimem therpataralnythar foredysbaphadfn. nixture
obtained 10 in Exangle 9 by using the purification systemshown in Fig. 5.
The parftially purifir8& NB&CFPBﬁeﬂFXFE%@noB?th@dOFﬁaE%ﬁthésg RastpPéced in
reaction mxture tank 16 and the reaction mxture was fed fromreaction

mxture tank 182i8tRIPRAXELtRENEDG FRBAPr 8FeTEP™19- AP/ BP N3 bY Wit ng punp
17. Water was fe m xer 18 at .a w f 3. mn by .using punp 24
so as to mix tﬁé’%T é‘%ct"i oﬁrﬁ%ﬁfﬁf"g \R{“f‘ﬁ ﬁé?eﬁpg CﬂP%}rﬂ: 8t19RePeQEl t ant

m xture was fe entrif rmle ul ar Lon rat.u 0 19 to

t her eby renove%gc? a(rqeria!r’% EQ% ‘10w %o?rf?%eggp%%}ﬁ?%%%mnp%%%t ]leo%ﬁ 't he

m xture at 120, Unqgr, ﬁ%Jggpce;ﬁ@@ fi 8hi b Lahes #R33 Bl 3k henOfnLow boi 1ing

poi nt conponents 1 nc udlng an e i X
20 above-mentioned range, there is a relative decrease in

the NPG copolymerization ratio of the high molecular
weight polymer chains. When the NPG concentration of
the organic phase is less than 0.05 wt%$, it is impossi-
ble to produce an oxytetramethylene glycol copolymer

25 having an NPG copolymerization ratio of 6 mol% or more



i ng point conmponents was fed to distillation colum 20 25 (an O dershaw
distillation colum, nunber of theoreti 130 cal plates: 20, columm
dianeter: 50 mm colum height: 1,350 nm to thereby distill off a m xture
of octane and water fromthe | ow boiling conponents. The distillation was
performed by feeding the m xture of the low 5 boiling point conponents to
the colum top at a flowrate of 0.92 nl /48 n by using punp 34. The m xture
of octane and water which was distilled off fromdistillation colum 20 was
fed to decanter 22 %ﬁgthereby separate the mxture into a | ower water phase

and an upper 18"8ct Sphﬁgﬁ.p?ﬁEUFSQB?XME?EFaTﬁﬁﬁﬁﬁ%%% SR 2Pt 0 eit her
m xer 18 by usin unp 24.0or distillatipn colum 20 by psin unp 34. The
upper octane pﬁgggﬁﬁésef‘g&§§gﬁeglﬂh 'Bﬁilgﬁ’égs]?%}%bea?‘gﬁklgi‘%.gﬁ%srecovered
oct ane can be g§ed tﬁn thﬁ @hase segaration of the catalyst 15 fromthe
reacti on-f or med 8P§ART P phEYReI$hB Feacti on nixture treated with

trif I I I | St ti t 1 fed to distillati
col umm 26 (nunber op™ gy BenEh Rpdrobdh 2Pnd Mo SRR S 9 col umn
hei ght: 1272 . 20 Ki ng: I Kk b j 25 .at fl
ot 8" 71 Pher B4R BORRARE' 19 1B PR e M B B
31 at : ) L Ng. t THF
fo 120 G, “and TReSFEat Pant aitebhelrit WL PLAHIE Fidi BERIAET. o s
distillation cobyBn26s The, rahaooﬁibﬁ BSlﬁ&féﬁﬁﬂ%tﬁaviﬁé%tﬁ#‘pe THE

flow rate becane approxi mately 170. stitlation colum 26" was heated from

the outside thgneek TAFMBLMALE FBEibRRLEAPHEGuOLa! had INGle(AROr at 120
C. The degree of vacuuminside the distillation colum was 5 maintained at

450 Torr. The yapomowetidbaWielgRE 808t L0bUENCK OPF W& NTRSh &R Hb Yy CONPOsed
of THF was cool ed by neans of condensing neans 27, to thereby |1 quefy the
vapor, 1and t hemkirquebied vapomewasetgdnadroRyy dfd ethél N2@NkoRS1yméei hi gh
tenperature liquid withdrawn from 10 the bottom portion of distillation
colum 26 had aatawyit eatacebiiykrachighcadleopbay mesigionteatymér 90 ~ or
nore. This liquid as such was fed to centrifugal nolecular distillation
appar atus 32 anbaThE donthenmdlébhelernweadght edbyvediant i@ &F utlder 0.5 Torr,
t hereby 15 obtaining a purified oxytetramnethyl ene glycol copol yner. The
renmoved THF wasxvsetvemethiyhenawgimceti abpo hymeR Soacwuneherplatively

oxyt et ranet hyl ene gl ycol copolymer was recovered in oxytetranethyl ene

gl ycol copol yneighankAsExnmrinehaborml tiondhe dsicde mpilsidulag iweiadbd um 26
be 20 cane stable and the distillation colum was filled with the

copol yfer) rawPRAYBPFaFhRaRR 28N Raglenanteans btieny wemrReTaturanke28' (not
shown) so as to collect a THF sol ution_conposed of gaseous THF whi ch was
recovered undeFCOBegpMeniBHYi ¥PBRsthesNRHeC EBeEH FRANL O™ FaldiPet®rial tank
28' (not 132_s ogn% Thifh was regovergd under staple conditions had an
NPG concent r at F8R26F V68 ~O¥nd28f bREaft28BntEMM AT Om bimpeqatureet

ified hyl | I | ) d i
xyt et ranet byl B8 16l CRBpSEsABP CRRRRI S0 hEeb L CRRy PP R ethyRene ol ycol

I t 99 ~ P . 0 d
an - oot ane. cotPusEesr By oa8brHEkTng"Bnl NRE COMSEL ARl L £IE O a0 PO
i ght 17104t i.gk 0,4 | Dt i 1.75, the NPG
gﬁbglyﬁg??zatigﬁemﬂg?gnbgggga%ﬁyﬁggg§ggGP%%?%%fa%%égﬂ%wﬁsvalue (regresented

by formula (11)) wagn0tReddethg bheLnB! pstabit i {vvOicidie, Qxyi&tramet hyl ene

gl ycol copolyner was 333 C and the col or” i ndex neasured 1 n accordance with

APHA was 10. 15hwzhhigesﬁegkoaecaheda,@w@-eﬁ@téw@ﬁmﬁ'@ﬁiﬂ{f&k FE€asul ts of
the purified oxytetranethylene glycol copolyner, please note the foll ow ng.

Each of the NPgisantientembBdetin€rBmOehangokONhEHs WesSps FLRgdiby gas
chromat ography and the determ ned val ue was | ower than 20 the detection

limt of the geasashbenatngrapdynPaidaidrackdidein CaMdd itans yenti oned above.
The anpunt of the residual THF in the purified oxytetranethyl ene glycol
copol ymsr was gebaubededat8rt @5Nho6f réMeve@WEbOn| tHg POLOE 1i6ONPPEEEHH S
distilled off by heating the oxytetra 25 nethyl ene glycol copolynmer at 80C
under 5 Torr for 30 133 m nutes. The oxytetranethyl ene glycol copol yner
content of a purified oxytetranethylene glycol copolyner was determ ned by
subtracting the total weight of THF, NPG and n-octane contained in the
purified oxytetra 5 nethylene glycol copolynmer fromthe wei ght of the
purified oxytetramnethyl ene gl ycol copol yner.



Exanpl e 11 (Production of an oxytetranethyl ene glycol copolynmer by 10 using
THF and NPG recovered in Exanple 10) 4 kg of the THF solution in raw
material tank 28, which was recovered in Exanple 10, was taken out, and
NPG and phosphotungstic acid hexahydrate (HPA) were added thereto in
amounts such that the NPG concentra 15 tion and the HPA concentration of
the resultant m xture becane 8.7 ~ and 1.9 ~, respectively. The resultant
solution was used as a raw mategd al liquid. An oxyteLrawethyl ene glycol
copol ymer was produced in substantially the eﬁr{bnrrﬁ ner as in Exanple 9
except that 20 use was made of the a oyxeer?eer?tl oned rawdederial |iquid.
Further, since the anmount of tatie.eﬁa mat eri | bguF B was smaller than the
amount used in Exanpl & aHe react]j "’3 Flformad prerénly 25 hours
after the staQ1 ki ot ¥ on of t;}% gga@% on condity @me A reaction m xture
was obtgiaedn the 4 mentl orbg@_l;aﬁﬁﬁner and 105ck&°Bf the obtained

reaction mxtug artl aI I%( |*¥ %d in sub§§ af%lly the_same nmanner as
in Examy@r@’ gnd furt@bebguf; fed in % bstﬂaﬁ i al I y th% y8ade®nmnner as in
Exanpl e 1, tainin I ed oxyt yI ene gl ycol

copol yrrems"t?hg pur| fi edtgxyf—‘é rarret hyI ?8@1@[‘ copolxyrﬂa}r- had an

oxyt et r anet hyI copol ent of 4@’? nore, an NPG cont ent

of |ess tbaﬁa‘g ppm and gm%ﬂ-eo ane cont@meéf) ess thq@«.ﬁﬂbﬁpm The nunber
aver 10 age nol ecu.gloa:msv\%l ght wag, 1-,281‘) *t he nol ecy {aatl%el ght di stribution was
1.77, the &FE&%opol yner \\I(,hole r atiax W was 15. 8 1wl §nd the ~

val lEpe (repr esent g@,ab? ¥or rrul a (| M\m%rs 05433 Toe “t"#er mal stabl lity of
the oxyt et rea®¥nyl ene akbec poI ymer _wag 8384 € and t he ni’ia‘&BI or index
measured in acg n@é‘ggw h AP s§5 Wth r%smtato t he

above- nent i @&8d anal yti c@neréeg ts of tlggtpﬂ ed oxytetramet hyl ene

gl ycol copol yner ed)lféé’é“e not e h&léo‘t B ng. Each of the NPG c ntent and
the n-octanere®Al ent was y9eye?m ned by gas 20 chronat ogr pcke}i nd the

det erm ned val ue, was G&Rer than the detection |IR{hﬁeO? the gas . sza-

chr omat ogr aprﬁﬁ’eperfor med under conditi orh%ﬂmhf‘t oned abo cg,ol‘ﬂﬁ\? armunt of
the residual THE n the purifie noesm%‘trarret hyl eRg @P""ycol copol ynmer was
determ Eled i n"taé’r nms of t Qeeﬂootw oi ling eﬂo conponents distilled off by
heati n§°t he oxyt et r\aefell‘éS met h ﬁ XYy C copol ymer at 80C under 5 Torr
for 30 mnutes. The oxyt e\tgr sEfhyl ene gl ycoI copol yner ggﬂben? of a
purified oxyt ett[: dﬂw he gl ycol copol yner was qut eniftned by ybtgyact i ng
the total weight“of THF, £ 200PG and n-oct @m”ﬁﬁal ned in i@ purified

oxyt et ranet hyl ene cg{ y@@lc copol yn&k,or &t the we| % tonofte?ﬁe pur| figde

oxyt et ranet hyl en gl ycol gopwd Yifer . THE recoy I¥" the

strippi ng process andSN‘l% centri fggabO?r‘B uI ar ghsw‘P A |on can.dec recy 10
cl ed without causing any a&ly;e'w effects “reaction &aeePﬁ d the
quality of the prgggse‘él Bxyt etraﬁggby‘q)%nre gl ycol cppedt r. @ﬂ@ 15
(One-step pyrificdtion e copol @g@dkz’é?‘? on rea%tala@nlﬁiés per f or med

in substantially t mﬁf’e manner_ as Tng Exarrpl e %: Sxcdft “that the scalld
pol ymeri zation reaction u deg%?‘gbl e reactpoerc ndl ti ons Mso’iv)’ee? ormed for
150 hours. A part o,feeinﬁ‘llﬂ'o 0 cont ajed ™ the th aFfed rea}{é QR WPXture
was re noved by distillatign 89 the cat L yet "t‘bnt ai ned j ngid&Feaction
m xture was renoved jpyef e addl t,i ommﬁ“n oct ane, ok:,tjé Ja by pha sech 18
separation and filtration {IEHFdr mai ni n rtet'dfélr esul tanta“{ce:at,tt |won m xt ure
was re 25 noved by dist at| on ndgothen, the regctno%“m xture 136eWNas
separated into an octane pper phaqehaa(»ﬁ& a poI yWEJeapbase | ower
phase). The pol yner p&a% Was recoves her eb °ng appr OQW@I y 10
kg of a partiaQy purifi e r&acﬂ‘on m xturoemt50¥he obt ai naqe;quq al ly
purified reaction m xtue ad an o y&tmraéf‘rret hyl ene ghygeol copol y amdn Sn
of 49 ~, an n-octane cont eggleﬁti@ ~, a THF morfent of 1 —é NPG ce
content of 1 ~. An oxyteét’P‘amet hyl erlqagJWE’ol copoIT\(ﬁ:emaWag purifi e% e pPBM
t he above-obtai ned reacti 08 gtddtﬁfre by theeprtﬁ\@step purl f| C@ﬁecﬁ? met hod by
using the purification &8 tem shlownolfn"‘? g. 4., here>
PRt in FAO- 7
ghowh
syste™
he
25



The partially purified reaction m xture obtained above was placed in
reaction mxture tank 16 and the 15 reaction mxture was fed fromreaction
m xture tank 16 to distillation colum 26 at a flowrate of 4.4 m/mn by
using punp 24. A fresh THF was fed fromfresh THF tank 29 to heating neans
31 at a flowrate of 8 mM/mn by using punp 30, and a gaseous THF heated to
120 C 20 was fed to the bottom portion ofd7di stillation colum 26. The ratio
of the NPG flowrate to the THF flow rate be cane approxi mately 182.
Distillation colum 26 was heated fromthe outside, to mai ntai n the
tenperature of CPREALAHBE VBBoRZEPLIODLE, VAPRF by rBEtRATIHE AFAT ddi%e 25 the
distillation colum was naintained at 450 Torr. 137 The va t hdr awn
fromthe col um‘ietaﬁﬁlﬂﬂl R Prﬁr nPyteERPLLERL B BYFISHRI cUbGF)eg&’% Treans of
condensi ng mean t her uefy the va and the |iquefied vapor
wes Tod 1o fanPRare: LA Pk Soauherels’ e e %Je?ratw%tmﬁﬂs% 3hdr avn
fromthe bottom par t dlstl | ation col u d_an oxvytetranet hyl ene
gl ycol copol yntf Egn?EﬁP g% Brgagfcngpgse1§ﬁé?%?%uﬁ%ﬁ (ﬁ%@&% fed to
centrifygal nDIe | at | a s,.32 and THE contai ned therein
was renvved at ggiﬂﬁd hg? ngﬂq6$$ i % Y 26ta F?ﬁ?ﬁfey?ﬁwfx?%d
oxytetranethylggg Xﬁﬁ Tﬁgpolymer The rennved THF was recovered in raw
mat eri al tank §hd e purified oxytetranethylene glycol copolynmer was

recovered in oxytet y I
conditions inside d?@??*?a%?gﬁogo¥ﬁO&hggwﬁg%g%% %?QKY H%b {gﬁunn was
filled with thEKCQQQB¥E8blcram%g§§§5t§$ntffgm2§ %@écﬁiﬁﬁmgﬁkééhréWhﬂﬁlerla|

tank 28 (not s so as to collect a THF solution conposed of gaseous
THF whi ch was %SEﬁiﬁbegoHHdgheSBéehﬁléoﬁﬁééé08§d 2Re Tt d1Fs S PnddON i n raw
material 28 (not shown) which was recovered under stable conditions had an
NPG congent r at k@A cef thSmalaBQaaaleﬁt 8PewSO8BENh T Bhé OBaPA1dSt phdde
purified oxytetranethyl ene glycol copolyner 25 recovered in

oxyt et ramet hyl egengbleel tBapoki8emnol apkadBion 138 hiateaninxyietsrg@ity! ene
gl ycol copolyner content of 99 ~ or nobre, an NPG content of |ess than 80
ppm and an n-ophase,cehtefmblofrbessohhan w&tepnin Thke Ntobel & etlage

nol ecul ar wei ght was 1800, the nol ecul ar weight 5 distribution was 1.78,

t he NPG copol yoeganati phaskobedr aheocbalpst 1phdsevi g, haghlex hehan vihele
(represented by forrmula (I1)) was 0.00519. Further, the thermal stability
of the oxyt et rmodt fiyretéogl pfotheopobgnie Pags833 Themafanee ddlisr i ndex
measured in accordance with 10 APHA was 10. Wth respect to the

above- dént i onettedhafydscapnsddeyets tof ekhébplr af heéghexyvatenneemgyahe

gl ycol copolyner, please note the follow ng. Each of the NPG content and
the n-octane cEAEeRECRES HBEBr A ME4LBY QESWESCEh?BnﬁF%@?éﬁh@h%ﬁﬂ 1$e
determ ned value was | ower than the_detection limt of th

chronatographysﬁéPFSFﬁédfﬁﬁﬂeP E8hat¥FbnBh ﬁ%ﬁtPBﬂeﬂaBBBVéS gﬁ%°%ﬁ%unt of
th dual THF f t et | |

oter m ned i n E&PHethE SRESF e PLD aéléé‘”ﬁ Phe ® SO ST Ted of by
heat th net byl | t 80C unpd 5 f 30
i nut o5, Tﬁeoéﬁ’ﬁ?-}éf’?a ﬁ;%%gn& YEorngoREheRebrEhaias, Sbf ehe PrdRblol "
oxyt et rmet hyl %§5a%Pé8 89729 QEBo%EPgehgéHE”S?hQXtEPb§.| e ‘fé‘gti{)g total

wei ght of THF, ane con e puri oxyte 139
for improving the water withdrawal rate. However, when

water in the reaction system comprising both the or-
ganic phase and the catalyst phase is removed with THF
by azeotropic distillation, a precise control of the

25 reaction temperature may become difficult when the wa-



met hyl ene gl ycol copolynmer fromthe weight of the puri fied

oxyt et ranet hyl ene gl ycol copolyner. Exanple 13 5 (Production of an

oxyt et ranet hyl ene gl ycol copolymer by using THF recovered in Exanple 12) 6
kg of THF solution in raw material tank 28, which was recovered in Exanple
12, was taken out and the n-octane content thereof was |lowered to 1 ~ or

|l ess 10 by distillation. Specifically, the8 THF solution was fed to a
continuous distillation colum having a condensation zone (nunber of

theoretical plates: 5) and _a recavery _zone (nunber of theoretical plates:
5). A nixture F&FNFPIOERG0LEIPEFEPHRCAnEt N2 0B AR GBS HPRNTAES dF G from

ol 1 goners. ( NPGHERTGdNE: Latentr B ha8t BROF SRR LPBNTERESBOEY ol e
continu ous distillatiaqn ﬁpl ghe continuous d% ti Iaﬁ'on colum_had a
Sol um di amet eP26P tEOPACa A Sk ABR R 2BOKET BRLY oP T 1oFT S aRAS T hep
pressure of th% %i%tgkla {ion colum was 830 mrHg and the reflux ratio at
the columm top ﬁa?_ 3! Jll_ﬁg NPG ol i goner mi xture which was withdrawn fromthe
less) amd the 25 di £0PI Fanevapiniralh fhule RaiRErERISEOAE opth T
140 of THF, 19 = = 0X] L el -~ distillate
was subj ect ed Pglgﬁggﬁ%%%?pgnQE%cggggtéh&?ggkéﬁghe%tb$£u€$§%e%%g%ldershaw
distillation cobisincbiuslee aba! UGQteh! £8| BbALEScalOhLUNERE BESRR1Q Pheric
pressure with reflux ratio of 4, To thereby tarn a THF sol utTon having

an n-octane copheil 8hd0tB: sat41%8t0pnbbe LhHS eREAl nede ThEesPlypion was
mxed with 60 g of the NPG oligoner mxture wthdrawn fromthe bottom of

t he conti nuous ndik&lirel atel @atee! . TP 18 Whenueswht apbmntxéubeg¥rie added
NPG and phosphotungstic acid hexahydrate (HPA) in amobunts such that the NPG
concentret i on phadskehe HrAtkOsCREtREd ) ot of s thiee f €Ot d atHa t X tpHre: heeame 8.7
~and 1.9 ~, respectively. The resultant solution was used as a raw
material |iqgq 1%he drgAniexyheseawethii-ane grpmokheopehygntonvagsperm dlgced in
substantially the same manner as in Exanple 9 except that use was nmade of

t he above- nent iretesnedwtoattdel akakcitdondsybtemhep, asi hoeathiewevant of the
raw material liquid was smaller than the anobunt used in Ex 20 anple 9, the
reacti on was perkedetredmioedomeyenSiboutdmetter the stabilization of the
reaction conditions. A reaction mxture was obtained in the abovenenti oned
manner and 1.0 kg ofint kheobresaed dpdentdanyi khar eopasyperitationnre-
substantially the same manner 25 as in Exanple 3 to thereby obtain a

purifi &b oxyt e@cdion] progeeryl dRedglty@oPhaspoFrpaEL10ThEYFGENf FRAPTiS -

oxyt etranet hyl ene gl ycol cqpol yner had an oxytetranet hyl ene gl ycol

copol yner cont efg & §F9angeC P%Pé? FRINPCCESALEAT BPaFBss2PAARC8D BHm and
an 5 n-octane % ntent Qf |ess than 50 g@nl The nu er,av%% age nEIe ul ar

wei ght was 179078 FEPROYEETEA MERgREAGIESOPi BEPFERRad 179, CRhe kP

copol ynmeri zati qn mhoIeFratlo NW was 1§h0 nol d. . and_t he ~.¥alue [ epresent ed
by formula (I1PPaR&s oF 85187 CFEaFthEr tRe neSe Rkt A T3t ani 1t 157 i1SPSF t he
oxyt et ranet hyl l.ycal I r . a ot | sured

i n accordance %%&Wg&éH%nﬁggggggggfh§%§igig?g¥ g%dkggégg% %gggggﬁegﬁgy t he

Strippijy Proce3yaae Lhs<eeubhthydahMuecUhadr neeShhlikat beB £A8 R&yrecy
material monomers and the catalyst phase which is the
polymerization reaction site. In the present invention,
the reaction rate is increased by appropriately con-
trolling the shape of the reactor and the efficiency of

25 agitation so as to improve the efficiency of contact.



15 cled wi thout causing any adverse effects on the reac tion rate and the
quality of the produced oxytetrane thylene glycol copolyner. Exanple 14 20
(Purification of a copolyner produced using 1,6 hexanediol as a diol) A
reaction m xture containing an oxytetranethyl ene glycol copol yner was
obtained in substantially the sanme manner as in Exanple 9 except that NPG
used in Exanple 25 9 was changed to an ed# val ent nolar anmount of 1,6 142
hexanedi ol . The obtained reaction m xture contai ned 55 % by meight of an

oxyt et ranet hyl ene g|,yco olyner conposed, of THF unpits, and 1 hexanedlol
units, 45 % by meighg SFn 8Van3naﬁ a@a5§°ﬁet§hTa ¢ Wi n@%@%% ol .

Th b bt t b { ant | | th

e he Dot Bt eaﬁabgﬂs?‘etb os9§?ﬁtﬁaua Ba?w?aigﬁ ﬁ@tt%%t’w Enim
| | | fi I, | th t f d

Subetant (o1 Y MBha PRECeLE L phey! ﬁE‘é LA 2T oot it t he flow rate

thaﬁgiﬁ"iidmgtf?ﬂﬁfé&%ﬁ?%g Sl fpfigh *égé*%”t@éd‘“{*he am)uEt of
1,6
exgnedi o PE%EEQ%”EHv%@tEBﬁ & %éOBrF%§%E 8Ingu£§§ £h04 the

feeding rate o e reac tron ure gaseous THF

became " appr oxi ggteehy 891t3eA§nﬁete§Htt of PHEI tesgtegtcopgﬁml ene

gl ycol copol ynmer recovered in oxytetranet hyl ene glyco r tank 33

had an OthetVQQEEEﬁ|%HﬁtgEMSObo§9HQ£YH§E1SH”£§QEt9£ 99 &b@LpPLE Gyify 20
1, 6- hexanedi ol content of l[ess than 80 ppm and an n-octane content of |ess

than 50 ppm  Thepax¥hi el r apBtNyr&sife O YO t KOPOI YIES ditk eh tYNRert AV er age.
nol ecul ar wei ght of 1700 and a 1, 6- hexanedi ol copol yneri zation whole ratio

of 15 mol % 25poiihdrixanbae teatbutiftEatLPD OhlaeCOwBEYSER DIregpeed using
1, 3propanediol as a diol) A reaction m xture containing an
oxytetﬂ@nethyleeﬁté ghgcaepenpokyfhre 1aguobt abfiednts snbshanpodymyrihe sane
manner as in Exanple 9 except that NPG used in Exanple 9 was changed to an
equi val ent nol aatapnuntaotot, apdoparedrekenthethbt diamdtesact i thhe npat ur e
contai ned 55 ~ by wei ght of an oxytetranethyl ene glycol copolyner 10
conposed of THEymertigagndnlrdaptopdnédi prefiarably45nbyheerghgeodfn- oct ane
and 1 ~ by weight of 1, 6-hexanediol. The above-obtained reaction m xture
was purified i Arombét antpallPy mhzesprefauahdy fxomnlEkanple 10. As 15 a
result, the purified oxytetranethylene glycol copolynmer recovered in
oxytetranethylene gfhese éspapPyprertiankas3limiitanienyvethareshgtentogl ycol
copolyner content of 99 ~ or nmore, a 1, 3-propanedi ol content of |ess than
80 ppm!and an ﬁhécF8ﬁ§h86ﬁ9¥n9fthPeé§PFHgﬁrSO Fyin exgneie. the im-

oxyt et ranet hyl ene ycol copolymer had a nunber average nol ecul ar wei ght of
1700 and a 1,3P6F&g£néal FlesﬁsﬁyﬁészaP.eﬂcan6|émpat §Tof 215URBIRE . 144

| NDUSTRI AL APPLI CABI LL TY Th t et th f.th
present invent PoRF° Rﬁ#lﬁriseog P%eéggg éﬁgagﬁer zFHﬁV?gtLiagérgFﬁraﬁ and
neopentyl glycgl ang 9@ E has 8 speC|fiE nunbea avgrage nDIe ul ar melght
a specific nDIecuIar melg %ealsyplbuFPSn &hid gnspQC| |caﬁéﬁﬁen¥9? gTycoI

copol ymer i zat ngu@E' OpzBYBLAbLg. LAWEht LAdnaal BhoaRdel oV obasss hoansi Li on

t enper at ur e. virtue ese”i nproved propert oxytetramet hyl ene

10 9l yoal copobyRen,fibheanheain baYeihon At be-advan fadeouslan used as

a raw materi al igh quality mate rials, such as a pol yurethane,

pol yur et hane U@Q@daﬁﬂaaePQEY%SbE&ch@ﬁ'BﬂaﬁéVe BXE & §H éfwtﬁé”ﬁiﬁééyre
properties. 15 Further, by the use of the nethod of the present invention

for purifying @&egtxyebaéae%hnbgeﬁdghgcah €RePRLYREMmokrbnBRsgh§COEE
possible to not only purify the copolynmer w thout causing the clogging of a
condensation tuhe apgedleendaind B hbe sakitdchieationipfitbhe The

number of the blades attached to the shaft of the im-

25 peller is generally from 1 to 10, usually from 1 to 3.



20 diol, but also recover a recyclable diol. 145 CLAIMS 1. An

oxyt et ranet hyl ene gl ycol copol yner, obtained by copol yneri zi ng

t et rahydr of uran and neopentyl glycol, 5 having the foll ow ng
characteristics (1) to (4): (1) a nunber average nol ecul ar wei ght M of
from800 to 5000; (2) a characteristic wherein the weight average nol ecul ar
wei ght Mv and the nunmber average nol ecul &0 10 wei ght M satisfy either the
following (i) or the following (ii): (i) a nolecular weight distribution of
1.8 or less in#}erns 0 ar,_wei ght

di stribution o Qﬁﬁxfriga%ﬂ§W¥?ﬁggfa%%%gHQOéPQ%L%h%ﬂ?%hgf§#Fg?smﬁg$e?ﬂ M

d Mh isfy. | ati ' fined h | ow 1): 20
101t ?FIN} limz-l‘f@%é{l%g?‘h'e%?i?o?nﬁ% ';oﬁéxB?%dfem%‘li59"9‘5?81{29%?5?3 %d
wherpei nysa?dyncegoaﬁlgs(r%t%ﬁ %g%r 5@%&%R6m+§hm€?§§?%9{%%$%n%ﬁ% o I'S défi ned
as the molar pangrntage i Lie 2B oI tfllggpgpgybﬁahgcal(nwaﬂ Lifnits

present in the e oxytetranethylene ycol copol ynmer, based on the

total nofar amuuyrdferithe thet h&%@%@&“%i‘”tﬂ@%ﬁﬁﬁer%t %h@”gmbgﬁléf(?ge?zg” a

gl ycol units in said whol e oxytetranethyl ene glycol copolyner; and

characteristic WL &m&p@u%Qe&oaﬁeagg%hgpheﬁs}ﬂrOWEtﬂetmeaetBE

neopentyl glycol copolynerization ole ratio (rmol d) of the

oxytetranet hyl e Glmpel1e60PANMNEN redRdsbR@sNeBRC Al ¥ineEE¥CBE the _

copol yneri zation partial ratio Nh (nold) of a high nolecular 10 wei ght-side

15 wt ~ fracti onpdifynfediidadivheiread®bly| ese fgbycol. 1cepobywsr, pakestybihe

rel ati onship defined by the following formula (I1): Nh ~ N1.11 ~ M0.3 < O
0560 ( Il ) ,£xidm wher eion ONI8 .i sTHef phefle Ated heam®é as £ peti€ erdagrutof o he

anount of neopentyl glycol nonomer units present in said high nol ecul ar

wei ght si@le 15 wpedd adt ithe, slidsedrogrea¢lyotvakiesl dep2@dangunh bhet he

t et rahydr of uran nononmer units and the neopentyl glycol units in said high

nmol ecul ar wei gtt®ictaires oft thier dopiedAervhefréneare, htlyd revebutibon

wei ght-side 15 wt~ fraction is a fraction of said oxytetranethyl ene glycol

copol y25 ner, wHesd fafadiieos tdaresspsngontyolhedadnaagtondpare with whol e

peak representing the nolecul ar weight dis 147 tribution over the whole

range of from &Rk tNcEadesr ofeitliet Tedcioni ghdndmpediler ®ei ght tPn a gel

permeati on chronmat ogram of said oxytetranethyl ene gl ycol copol yner, wherein

said part is t&deR hmatdvs over (Rd Mighimpthe SeStapAnERBAE i iR udi ng

t he maxj mum nol ecul ar weight in said whole peak and wherein the area of

said part of tHe Yo pdarSi PrederrefyLpgtohbendmpeddess hagi @ fhGPE peak.
10 2. A nethod_gor progy%kp t he _ox tet&aneth¥lene.%l§§gl.co oh¥ner of
claim1, which 6%ﬁﬁnﬁ%§ S: bfb i F@t%gﬁyg &Fdr a aﬁasge yF gl ycol

to a copolynerig%?d(ygdg¥%ggd%nskge%he presence of a heteropolyacid
catal yst, 15 sai'd copolymerizatron reaction being continuously perforned in

the presence of wat gy, %e%ﬁggptgwu%irﬁgﬁﬁgy%ﬁfai é?&ig?@i&ﬁa%?f?&ﬁ%%

continuously feeding tetra uran-an openty ycol to the coﬁtinuous

copol ymeri zati Qff HGACHRY) yARG-19%Rli S nC PRBIRUUS LY theTRKrRY <20 tWat RbtWMkch i's
by- produced in the copolynerization re action so that the anount of water

is adj usd ed to gpavel pwBEIEEAL AafWaPREs Cef £861 A8y SYST £8N1SvEQTWRENL Whi ch
conpri ses an organi ¢ phase conprising a solution of neopentyl glycol in

tet 5 ahydr of ur arcr Ghdtawie@ovezd (PoTNeRpyh igkyeel thenaeqgurat pe# ahikrom 0. 05
to 3.5

volume thereof {wherein P represents the motive power

(kW) applied to the liquid in the reactor and V repre-

sents the volume (m3) of the liquid in the reactor} is

25 0.1 or more. Since an increase of the P/V value re-



148 wei ght ~, based on the weight of the organic phase, and a

t et rahydr of uran/ aqueous het er opol yaci d phase conprising a solution of an
aqueous heteropol yacid catalyst in tetrahydrofuran and having a specific
gravity of fromb5 1.8 to 2.3, wherein said continuous copol ynerization
reaction is continued while maintaining said tw-phase reaction system to
t hereby form a copol yneri zation reaction5# xture conprising a
reaction-fornmed organic phase con 10 taining a oxytetranet hyl ene gl ycol

copol ymer havin an nber avera t | ar me ht of from800 to 5000 and
a reaction- forﬁga FefPaﬁ?dFBFﬁ? ﬁ?aﬁ eBB% ﬁ%?% %%Iﬁ%t%rd ha¥ePT%eparat i ng
sai d reaction-fornme ergani ¢ g 5 tain sai d ox ebianethylene

gl ycol copolynSPrF? gaPS og |¥3.?%na?e%%??%naﬁ19?%?% %hd

d f h I I I f id
onet o Por molBHEYEX: (fgp LS cRY tﬁﬁ%”iérﬁé?ﬁ?,%s%% rarsa resliuneny
wherein said t%h? 8? ggiggaggggHgggfa?ﬁégr gﬁng|d phase has a spe cific

o

gravity of from r pufifying an

oxyt et r anet hyl ene 1 c
te¥rahy§rofu¥an ang#gfg r€§¥ege %%gP%% Qﬁéaégfﬁ%€¥%§ %#%%ﬁgﬁ%%) R1 HO
CH C CH OH 2 2¢pp Irexchga 8y ﬁgsﬁle' D CaChppleRlraadcRes | BEPeRLegtLy [epre

5 sents a hydrogen at om or drocarbon group having from1 to 5 carbon

atons; and eachngf vBiufle2Bé Ehénesesmg@atbﬂagspfsseﬂésvaﬂum@tSQethf from 0
to 6, with the proviso that the sumoi p, g and r is not less than 2, 10

froma copol ynergzaki @A EBACHERBtALX{EN £V F O Sd 1Y @R ﬁ@p%é%éﬁﬁgﬂfngene
gl ycol copolynmer and the unreacted diol, which conprises subjecting said

reaction WlXtUﬁ@lhﬁeCeﬁttﬁdodatdl§bt|bﬁéb@nlhnthberééeﬁeﬂan@foreSh
tetrahydrofuran at a tenperature of from80 to 160 C 15 under a pressure of

from 510 760 Tepressnid thesholamheabydtpéulagubei Ny andedeasten) amount
which is not |ess than the weight of said unreacted diol contained in said
reacti on m xt ufEepmt 0.0heoedy9 di sin |thef fcogetiichuonrse astlaohediicla tfircamreai d
reaction mxture together with 20 sai d added tetrahydrofuran. 150 5. The
met hod accor di agtioncbdi nhe, pwheertniswentienacvhen hhet QVévivalueris
conprises a saturated hydrocar bon having 6 to 10 carbon atons. 5 6. The
met hod accordi hgghoe el aphisfasheryi nosvnersaatianedeagtiionacdnnbés
distilled off fromsaid reaction mixture together with said unreacted diol
and said addedapggggﬁgdpypgrahenlghe retention time (V/F) of the raw

15 material monomers (THF and NPG) in the reactor {wherein
V represents the volume (m®) of the liguid in the reac-
tor and F represents the rate (m®*/hour) of feeding the
raw materials to the reactor} is small.

In the method of the present invention for produc-

20 ing an oxytetramethylene glycol copolymer, the amount
of oxygen present in the reaction system is suppressed
to a level as low as possible for preventing the dis-
coloration of the oxytetramethylene glycol copolymer
which is caused by the presence of oxygen during the

25 polymerization reaction. Specifically, the oxygen con-



7. The nethod according to claim5, wherein said nethod further conprises,

before distilling off said unreacted diol,

distilling off said saturated

hydr ocarbon fromsaid reaction m xture by distillation at a 15 tenperature

of from70 to 160 C under a pressure of from1l to 450 Torr.

according to any one of clainms 4 to 7, wherein said diol is neopentyl

glycol. 20 . Af 2 . AhY . Ay9 . AfE . Af& . AY52AVhE . Ay2 . Ay&2 . Ay{l

_AE .AYE .AY .ATE .ASNe. AU& . Ay{&2 .AT{&E .AyY .Ay.ATY .AYE .A A .A

.AS&2 . Ay. Ay. Afl . AS&l . ASY . AYE . A@2 . Ay& . Ay&2 . Ay9 .AgQ .ﬁ¥9 . Af 92
CAfL . Ay&2 . AsgentrptApgoof the reaction system is préferably 1000

10

15

20

25

ppm or less, and the low oxygden concentration can be
achieved by performing the polymerization reaction in
an atmosphere of an inert gas, such as nitrogen gas,
helium gas, argon gas and neon gas.

A copolymerization reaction mixture obtained in
the above-mentioned manner can be left still after the
termination of the polymerization reaction to thereby
effect a phase separation of the reaction mixture into
a reaction-formed organic phase containing the oxy-
tetramethylene glycol copolymer and a catalyst phase,
and only the reaction-formed organic phase can be re-
covered to thereby remove a large part of the polymeri-
zation catalyst contained in the reaction mixture.
However, since the reaction-formed organic phase con-
tains unreacted raw material monomers and a small
amount of the catalyst, it is preferred that further
separation and purification of the copolymer is per-
formed. There is no particular limitation to the
method for separating and purifying the copolymer and
the copolymer can be purified by any conventional
method. For example, use can be made of a purification

method employed in the prior art, such as Unexamined

Japanese Patent Application Laid-Open Specification Nos.

Sho 60-203633, Sho 61-120830, Sho 61-123630, Hei 6-

8. The net hod

.AYE . AE

. AfE



.Ah&2 .AFE .A .Af2 .ANL2 .A@L .AfL .AyL .ASL .AS(9 .AS&2 .A92 .Af{L .AY
LAY LA L AYL L AY& AL .AYY .AyL .AFE .A92 .AS&2 .A9 .Af(L .A9 .Ay{&
CAYO L AS2 CARE LAFO LAF{2 .AF&Y .Af&2 .AfO .Ay& .AS9 .AS&Y% AalL . Af92
A@&2 .AS&2 .A &2 .AT9 .AT;9 .ATO . A@&

10

15

20

25

53

87951, Hei 9-291147, Hei 10-87811, Hei 10-87812 and Hei
10-87813.

Hereinbelow, an explanation is made on one example
of a purification process which can be performed after
producing a copolymer by the method of the present in-
vention.

The organic phase which is separated from the
catalyst phase is subjected to distillation to thereby
remove a portion of THF remaining in the organic phase.
It is preferred that the temperature for distilling off
THF is in the range of from 40 to 100 °C. Since a
small amount of the polymerization catalyst is also
dissolved in the organic phase, the exposure of the or-
ganic phase to high temperatures for a long time may
cause problems, such as depolymerization of a THF ter-
minal of the oxytetramethylene glycol copolymer, and
incorporation of the unreacted NPG into the oxytetrame-
thylene glycol copolymer by the dehydration condensa-
tion between a part of the unreacted NPG and the oxy-
tetramethylene glycol copolymer. Therefore, the dis-
tillation of THF is preferably performed at a rela-
tively low temperature which is not higher than 70 °C,
more preferably 50 to 60 °C. Further, an optimum range
of the distillation pressure may slightly vary depend-

ing on the area of the heat transfer and the retention

. A&2



.A@E . Af; & . A@Q . AfE . AyY .AS9 .AS;E .Af(%.A AR AfF(& . A& .AS2 . AE
A@E A9 CAT9 L AY& LAl L AF(9 L A@2 CAF&2 . Ayh&2 . AsZ. Af & AL>L. A L_. AE
AYY . AS&2 . Af . AYE . Ay92 . Ay9E . Ay&E . Af &2 . Af&Y . Ay& . Af9 . Ay{l .A{92
AS9 L Ay&2 . AYY L Ay&2 . AF&Y . Ay{9. Af (& Ay(& Af9. Af & . AS92
. AS, . Ay&$°/<?] {| -KLez{ ’PFqupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]cAa]ca]cAa]cabaa]ca]ca]ca]c“a]cTalG% _WO'PQpQ} xsn
i d_Z] c]ca]ca] ca]ca]ca]ca]ca]ca]ca]l ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca]lca] cal caLcalﬁcal
me” in” th action system, but the distillation pres-
sure is preferably in the range of from 0.1 to 5 atm.
In addition, it is preferred that the degree of vacuum
is 200 Torr or more for maintaining the temperature of
5 the cooling medium for cooling and condensing the dis-
tilled THF at room temperature or higher, and the de-
gree of vacuum of 600 Torr or less is preferred for im-
proving the distillation rate. Therefore, distillation
of THF is preferably performed under 200 to 600 Torr.
10 Next, a saturated hydrocarbon having 6 to 10 car-
bon atoms (Cg-C,p saturated hydrocarbon) is added to
the organic phase to thereby remove the residual cata-
lyst. A C¢-C,p saturated hydrocarbon is preferably used
for removing the catalyst, and examples of such satu-
15 rated hydrocarbons include cyclohexane, cycloheptane,
cyclooctane, cyclononane, cyclodecane, methylcyclopen-
tane, methylcyclohexane, 2-ethylhexane, n-hexane, n-
heptane, n-octane, n-nonane and n-decane. After the
addition of the saturated hydrocarbon to the organic
20 phase, the organic phase has the following composition:
10 to 60 wt% of an oxytetramethylene glycol copolymer,
1l to 30 wt% of THF and 10 to 89 wt% of a saturated hy-
drocarbon. A saturated hydrocarbon is used as a poor

solvent for insolubilizing the heteropolyacid catalyst

25 dissolved in the oxytetramethylene glycol copolymer.
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P, g and r independently represents an inte-
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sum of p, g and r is not less than 2,
from a copolymerization reaction mixture comprising an
oxytetramethylene glycol copolymer and the unreacted
diol, which comprises subjecting the reaction mixture

25 to continuous distillation in the presence of fresh
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and a diol represented by formula (1) above, from a co-
polymerization reaction mixture comprising an oxytetra-
methylene glycol copolymer and the unreacted diol. The

25 copolymerization reaction mixture which can be sub-
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molybdotungstovanadic acid, phosphotungstovanadic acid,

25 phosphomolybdoniobic acid, silicotungstic acid, silico-
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molybdic acid, silicomolybdotungstic acid, silico-
molybdotungstovanadic acid, germanotungstic acid, boro-
tungstic acid, boromolybdic acid, boromolybdotungstic
acid, boromolybdovanadic acid, boromolybdotungsto-

5 vanadic acid, cobaltmolbdic acid, cobalttungstic acid,
arsenomolybdic acid, arsenotungstic acid, titano-
molybdic acid and ceromolybdic acid, and metal salts
thereof.

For performing the copolymerization reaction, an

10 inorganic acid as a polymerization catalyst, THF and a
diol as raw material monomers and a reaction terminator
are used. Specific examples of reaction terminators
include water and a diol which is a copolymerizing
monomer.

15 The copolymerization reaction is performed in a
two-phase reaction system which comprises an organic
phase comprising a solution of a diol in tetrahydro-
furan, and a tetrahydrofuran/aqueous heteropolyacid
phase (hereinafter, frequently referred to as a "cata-

20 lyst phase”) comprising a solution of an aqueous
heteropolyacid catalyst in tetrahydrofuran and having a
specific gravity of from 1.8 to 2.3. The oxytetra-
methylene glycol copolymer produced by the copolymeri-

zation reaction is dissolved in the organic phase.

25 The inorganic acid used as a catalyst is sparingly
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soluble in an anhydrous THF, but well soluble in a
mixed solvent prepared by adding a small amount of wa-
ter to THF. The reason why the inorganic acid is solu-
ble in mixed solvent of THF and water is not fully elu-

5 cidated, but it is considered that a small amount of
water is coordinated to the inorganic acid. The reac-
tion system separates into a two-phase reaction system
which comprises an organic phase and a tetrahydro-
furan/aqueous inorganic acid phase having a specific

10 gravity of from 1.8 to 2.3 by adjusting the amounts of
water, a diol, THF and the like which are present in
the reaction system.

The copolymerization reaction for producing an
oxytetramethylene glycol copolymer can be performed in

15 a batchwise manner or a continuous manner.

There is no particular limitation with respect to
the temperature for the copolymerization reaction as
long as the copolymerization reaction proceeds at that
temperature. However, for incorporating 2 or more diol

20 molecules into a copolymer chain, a dehydration reac-
tion is generally required. For performing the dehy-
dration reaction, it is necessary to conduct the co-
polymerization reaction at a high temperature which is

not lower than 50 °C. Further, for avoiding the heat

25 decomposition of a diol and the depolymerization of the
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produced oxytetramethylene glycol copolymer, it is pre-
ferred that the reaction temperature is not more than
100 °C. Especially when the copolymerization reaction
is performed at a temperature in the range of from 55
5 to 80 °C, the heat decomposition of a diol and the de-
polymerization of the produced oxytetramethylene glycol
copolymer are suppressed, and the copolymerization can
be performed under low pressure conditions.
Further, when 2 or more diol molecules are incor-
10 porated into a copolymer chain, the reaction rate can
be improved by withdrawing water by-produced by the re-
action from the reaction system. With respect to the
method for withdrawing water from the reaction system,
there can be mentioned a method in which an azeotropic
15 vapor of water and THF are distilled off from the reac-
tion system and THF in an amount which is equivalent to
the amount of THF removed by the azeotropic distilla-
tion is returned to the reaction mixture. This water
withdrawal process can be performed in a continuous
20 manner or an intermittent manner, but from the view-
point of ease in performing the polymerization opera-
tion, the water/THF vapor is continuously withdrawn
from the reaction system while simultaneously and con-

tinuously feeding THF containing only a small amount of

25 water to the reaction system.
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In this method, the azeotropic distillation of wa-
ter and THF can be performed either by withdrawing the
gaseous phase composed of the azeotropic vapor from the
reaction system or by separating the reaction system

5 into the catalyst phase and the organic phase, followed
by the withdrawal of the azeotropic vapor of water and
THF from the separated organic phase.

In the method in which water and THF are removed

by azeotropic distillation from a reaction system con-

10 taining both the organic phase and the catalyst phase,
since the mol fraction of water in the catalyst phase
is higher than the mol fraction of water in the organic
phase, the mol fraction of water in the total of the
organic phase and the catalyst phase is higher than the

15 mol fraction of the organic phase. Therefore, this
method is considered to exhibit higher water removal
efficiency than a method in which the organic phase is
separated from the catalyst phase and, then, water is
removed from the organic phase. Further, in this

20 method, a lowering of the inner pressure of the reactor
for lowering the boiling point of water is effective
for improving the water withdrawal rate. However, in a
method in which water in the reaction system comprising

both the organic phase and the catalyst phase is re-

25 moved with THF by azeotropic distillation, when the wa-
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ter removal is performed at a high reaction rate such
that the latent heat of vaporization necessary for the
azeotropic distillation adversely affects the reaction
temperature, a precise control of the reaction tempera-
ture may become difficult.

For removing water while maintaining the stable
polymerization reaction conditions, it is preferred
that the reaction system is separated into the organic
phase and the catalyst phase and, then, the azeotropic
mixture of water and THF is withdrawn from the organic
phase. In this method, it is preferred that a part of
the organic phase withdrawn from the reaction system is
returned to the reaction system so as to achieve a
predetermined retention time.

For producing an oxytetramethylene glycol copoly-
mer, the amount of oxygen present in the reaction sys-
tem is suppressed to a level as low as possible for
preventing the discoloration of the oxytetramethylene
glycol copolymer which is caused by the presence of
oxygen during the polymerization reaction. Specifi-
cally, the oxygen concentration of the reaction system
is preferably 1000 ppm or less, and the low oxygen con-
centration can be achieved by performing the polymeri-
zation reaction in an atmosphere of an inert gas, such

as nitrogen gas, helium gas, argon gas and neon gas.
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When the copolymerization reaction mixture ob-
tained in the above-mentioned manner is left still
after the termination of the polymerization reaction, a
phase separation of the reaction mixture into a reac-
5 tion-formed organic phase containing the oxytetra-
methylene glycol copolymer and a catalyst phase occurs.
If only the reaction-formed organic phase thus obtained
is recovered a large part of the polymerization cata-
lyst contained in the reaction mixture can be removed.

10 However, since the reaction-formed organic phase con-
tains a small amount of the catalyst, it is preferred
that the residual catalyst is removed before performing
the purification method of the present invention.

Next, an explanation is made on one example of a

15 method for preparing a reaction mixture which can be
subjected to the purification method of the present in-
vention.

The organic phase which is separated from the
catalyst phase is subjected to distillation to thereby

20 remove a portion of the THF remaining in the organic
phase. It is preferred that the temperature for dis-
tilling off THF is in the range of from 40 to 100 °C.
Since a small amount of the polymerization catalyst is

also dissolved in the organic phase, the exposure of

25 the organic phase to high temperatures for a long time
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may cause problems, such as depolymerization of a THF
terminal of the oxytetramethylene glycol copolymer, and
incorporation of the unreacted diol into the oxytetra-
methylene glycol copolymer by the dehydration condensa-
5 tion between a part of the unreacted diol and the oxy-
tetramethylene glycol copolymer. Therefore, the dis-
tillation of THF is preferably performed at a rela-
tively low temperature, that is, a temperature which is
not more than 70 °C, more preferably 50 to 60 °C. Fur-
10 ther, an optimum range of the distillation pressure may
slightly vary depending on the area of the heat trans-
fer and the retention time of THF in the reaction sys-
tem, but, in general, the distillation pressure is
preferably in the range of from 0.1 to 5 atm. In addi-
15 tion, it is preferred that the degree of vacuum is 200
Torr or more for maintaining the temperature of the
cooling medium for cooling and condensing the distilled
THF at room temperature or higher, and the degree of
vacuum of 600 Torr or less is preferred for improving
20 the distillation rate. Therefore, distillation of THF
is preferably performed under 200 to 600 Torr.
Subsequently, the residual catalyst contained in
the organic phase is removed. There is no particular
limitation with respect to the method for removing the

25 residual catalyst, and there can be mentioned a method
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which uses a column for removing the catalyst (i.e., a
catalyst removal column), a method which uses a halo-
gen-type solvent, and a method in which the catalyst is
precipitated by using a saturated hydrocarbon.

5 When the catalyst is removed by using a catalyst
removal column, the organic phase is passed through a
column packed with a solid adsorbent, such as an acti-
vated carbon, calcium oxide, magnesium oxide, cerium
oxide, zirconium oxide, alumina and silica alumina.

10 The treatment with the adsorbent is performed at a tem-
perature at which neither solidification nor boiling of
the organic phase occurs. In general, the treatment
with an adsorbent is performed at -30 to 100 °C, pref-
erably at 0 to 67 °C, more preferably at 15 to 50 °C.

15 In the method which uses a halogen-type solvent, a
halogenated hydrocarbon having 1 to 15 carbon atoms,
such as chloroform, trichlorotrifluoroethane, tri-
chlorofluoroethane or chlorobenzene, is added to the
organic phase to thereby precipitate the catalyst.

20 In the method which employs a saturated hydro-
carbon, a saturated hydrocarbon having 6 to 10 carbon
atoms is added to the organic phase to thereby separate
the resultant mixture into two phases. This method is

especially preferred because not only is high the cata-

25 lyst removal efficiency, but also the risk of causing a
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corrosion of the apparatuses used in commercial plants
is low. A C¢-C;p saturated hydrocarbon is preferably
used for removing the catalyst, and examples of such
saturated hydrocarbons include cyclohexane, cyclohep-

5 tane, cyclooctane, cyclononane, cyclodecane, methyl-
cyclopentane, methylcyclohexane, 2-ethylhexane, n-
hexane, n-heptane, n-octane, n-nonane and n-decane. As
explained below, when a saturated hydrocarbon alone is
distilled off from the mixture of the organic phase and

10 the saturated hydrocarbon, a low molecular weight
hydrocarbon having 8 or less carbon atoms is preferred.
Alternatively, when a saturated hydrocarbon is dis-
tilled off together with a diol and an added THF, for
facilitating the recycling of the saturated hydrocarbon

15 which is distilled off from the mixture, it is pre-
ferred that the saturated hydrocarbon is one which is
capable of being separated from THF, based on the dif-
ference in boiling point. That is, a preferred satu-
rated hydrocarbon is a saturated hydrocarbon having 7

20 or more carbon atoms which has a boiling point differ-
ent from that of THF.

After the addition of the saturated hydrocarbon to
the organic phase, the organic phase has the following
composition: 10 to 60 wt% of an oxytetramethylene gly-

25 col copolymer, 1 to 30 wt% of THF and 10 to 89 wt% of a



109 ()-2QA 10%& ()-2QA 10%&' ()-2¢ 1L] QA 109%& ()-2QA

109 ()-2[\"_abdel LOQA 10QA 10%&' ()-2 QA 10%&' ()-2QA 10%& ()-2QA

109%&' ()-2QA 109& ()-2QA 109 ()-2QA 10%& () - 2eghkl opr gk+QAQA 109& () -2QA

109 ()-2QA 10%& ()-2QA 10%& ()-2QA 10%& ()-2QA 10%& ()-2QA

10%&' ()-2rsuv| D(+QA 10%& ()-2QA 109& ()-2QA 10%&' () -2 1L] QA

109 ()-2QA 10%& () -2t X<QA 10%RQA 10%& ()722&QA 10%& () - 2&QA 10%&' () - 2QA

109%&' ()-2QA 109& ()-2QA 10%& ()-2QA 10%& ()-2| D(<QA 10%&' ()-2CQA

109 () -2QA 10%%€§¥;%2g %gggoggk%gﬁ.192%éé2ﬁ§§%ed hydrocarbon is used
as a poor solvent for insolubilizing the heteropolyacid
catalyst dissolved in the oxytetramethylene glycol co-
polymer. However, when the oxytetramethylene glycol

5 copolymer is mixed solely with a saturated hydrocarbon,

the copolymer and the saturated hydrocarbon separate
into two liquid phases and the saturated hydrocarbon is
incapable of exhibiting a satisfactory effect as a poor
solvent. For solving this problem, THF which is a good

10 solvent for the catalyst is used in an amount such that
THF functions as a surfactant for preventing the phase
separation of the oxytetramethylene glycol copolymer
and the saturated hydrocarbon. Therefore, it is pre-
ferred that the residual THF is contained in the or-

15 ganic phase in a minimum amount which prevents the
phase separation of the saturated hydrocarbon and the
oxytetramethylene glycol copolymer. The saturated
hydrocarbon is used in an amount which is not less than
the weight of the oxytetramethylene glycol copolymer so

20 that the saturated hydrocarbon functions effectively as
a poor solvent for the catalyst and the amount of the
saturated hydrocarbon is sufficient for removing the
catalyst.

Only a very small amount of the catalyst phase is

25 separated from the organic phase by the addition of the
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saturated hydrocarbon and, thus, a portion of the sepa-
rated catalyst phase gets mixed with the organic phase.
Therefore, it is preferred that the organic phase is
filtered through a filter having a pore diameter of 1
5 um or less. A filter having a pore diameter of 0.5 um
or less is used to filter off the catalyst phase more
efficiently.

After the filtration process, the amount of the
catalyst remaining in the oxytetramethylene glycol co-

10 polymer becomes 100 ppm or less. For further decreas-
ing the catalyst content of the oxytetramethylene
glycol copolymer, the organic phase as such can be
treated with the catalyst removal column mentioned
above. The amount of the residual catalyst in the

15 oxytetramethylene glycol copolymer can be decreased to
10 ppm or less by such a treatment.

The resultant organic phase comprising the oxy-
tetramethylene glycol copolymer is a mixture which ad-
ditionally contains THF and a diol which are raw mate-

20 rial monomers and a saturated hydrocarbon used for re-
moving the catalyst. Such a mixture can be subjected
to the purification method of the present invention.
Alternatively, the mixture can be subjected to the pu-

rification method of the present invention after dis-

25 tilling off THF. When THF is distilled off from the
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mixture, the resultant mixture separates into a satu-~
rated hydrocarbon phase and an oxytetramethylene glycol
copolymer phase, and the saturated hydrocarbon phase
can be removed from the oxytetramethylene glycol co-
5 polymer phase.

Next, a detailed explanation is made on the method
for purifying an oxytetramethylene glycol copolymer
from a copolymerization reaction mixture comprising an
oxytetramethylene glycol copolymer and an unreacted

10 diol.

The purification method of the present invention
comprises subjecting the reaction mixture to continuous
distillation in the presence of fresh tetrahydrofuran
at a temperature of from 80 to 160 °C under a pressure

15 of from 5 to 760 Torr, the fresh tetrahydrofuran being
added in an amount which is not less than the weight of
the unreacted diol contained in the reaction mixture,
to thereby distil off the unreacted diol from the reac-
tion mixture together with the added tetrahydrofuran.

20 The reaction mixture which is subjected to the pu-
rification method of the present invention may or may
not contain a saturated hydrocarbon. The reaction mix-
ture obtained by removing the catalyst with a saturated

hydrocarbon contains 30 to 70 % of an oxytetramethylene

25 glycol copolymer, 0.02 to 10 % of a diol and 30 to 70 %
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of a saturated hydrocarbon. On the other hand, when
the catalyst is removed without using a saturated
hydrocarbon, for example, by using a catalyst removal
column, the resultant reaction mixture contains 20 to
5 99 % of an oxytetramethylene glycol copolymer, 1 to
80 ¥ of THF and 0.02 to 10 % of a diol. It should be
noted that the reaction mixture may or may not contain
THF. When the reaction mixture contains only a small
amount of THF, a large part of THF has been removed
10 during the removal of the catalyst.

There are two different modes for purifying an
oxytetramethylene glycol copolymer from a reaction mix-
ture containing a saturated hydrocarbon. One of the
two modes is a one-step purification method in which a

15 saturated hydrocarbon is removed together with unre-
acted diol and an added THF by distillation in one step,
and the other mode is a two-step purification method in
which a saturated hydrocarbon is distilled off from a
reaction mixture in a first step and, then, the unre-

20 acted diol is distilled off together with the added THF
from the reaction mixture in a second step. The one-
step purification method can be used for purifying an
oxytetramethylene glycol copolymer from a reaction mix-
ture which does not contain a saturated hydrocarbon.

25 The one-step purification method is explained be-
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low referring to Fig. 4.

Fig. 4 is a schematic diagram showing an example
of the continuous purification system for performing
the one-step purification method which is used for pu-

5 rifying the oxytetramethylene glycol copolymer of the
present invention.

A reaction mixture is stored in reaction mixture
tank 16 and fed to the upper portion of distillation
column 26 by using pump 24. In distillation column 26,

10 the distillation temperature is maintained at 80 to
160 °C. An oxytetramethylene glycol copolymer exhibits
almost no vapor pressure at a distillation temperature
from 80 to 160 °C and, thus, the oxytetramethylene gly-
col copolymer as such flows downward to the bottom por-

15 tion of the distillation column. On the other hand, a
saturated hydrocarbon and a diol in the reaction mix-
ture are converted into a gaseous component and sepa-
rated from the oxytetramethylene glycol copolymer.

As explained above, since a diol solidifies at

20 around room temperature, a diol which is separated as a
gaseous component in the distillation column is likely
to so0lidify in condensing means 27 which is provided in
the downstream of the distillation column and cause
problems, such as clogging of a conduit. 1In the pre-

25 sent invention, for preventing such a solidification of
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the diol, fresh THF in fresh THF tank 29 is vaporized
using heating means 31 and the resultant gaseous THF is
fed to the bottom portion of distillation column 26 via
pump 30 so as to distill off the diol together with the
5 fresh THF.

In the present invention, the "fresh THF" means a
newly added THF and it is different from the residual
THF in the reaction mixture which is an unreacted THF
monomer. The fresh THF may be an unused THF or a recy-

10 cled THF mentioned below.

When a large amount of the fresh THF is fed from
the bottom portion of the distillation column, the dis-
tillation rate of the diol becomes improved. However,
an increase in the amount of the fresh THF causes an

15 increase in the energy cost for the condensation of
distilled THF. As a consequence, the amount of the
fresh THF being added to the reaction mixture is the
minimum amount of THF necessary for preventing the so-
lidification of the diol. More specifically, the fresh

20 THF is added in an amount which is not less than the
weight of the unreacted diol contained in the reaction
mixture. The amount of the fresh THF necessary for
distillation may vary depending on the amount of the

diol contained in the reaction mixture which is fed

25 from the top portion of the distillation column, but in
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general, THF is fed at a feeding rate which is not
lower than the feeding rate of the reaction mixture,
preferably not less than two times the feeding rate of
the reaction mixture. When the inner temperature of

5 the distillation column is 130 °C or less, it is pre-
ferred that THF is fed at a feeding rate which is not
lower than 2.5 times the feeding rate of the reaction
mixture. In any case, the feeding rate of THF is not
more than 100 times, preferably not more than 20 times,

io more preferably not more than 5 times the feeding rate
of the reaction mixture. Since the amount of the unre-
acted diol contained in the reaction mixture is very
small, when the feeding rate of THF is in the above-
mentioned range, the weight ratio of the added THF to

15 the unreacted diol becomes 800 or more, preferably
1,500 or more and not more than 50,000.

It is preferred that the diol is removed by a
multi-stage distillation. With respect to the inner
pressure of the distillation column, a low pressure is

20 preferred because the lower the inner pressure of the
distillation column, the higher the distillation effi-
ciency for removing diol. Specifically, the distilla-
tion is performed under 760 Torr or less. However, for
decreasing the amount of energy used for condensing the

25 vapor distilled off from the distillation column, an
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fore, in the present invention, it is preferred that
the removal of the unreacted diol is performed under a
pressure from 5 to 760 Torr, preferably from 100 to 600
5 Torr, more preferably from 300 to 500 Torr.
As explained above, in the purification method of
the present invention, a reaction mixture comprising a
diol, a saturated hydrocarbon and an oxytetramethylene
glycol copolymer is fed to the upper portion of a dis-
10 tillation column to thereby cause the reaction mixture
to flow downward in the distillation column, and a high
temperature gaseous THF is fed to the bottom portion of
the distillation column to thereby cause the gaseous
THF to flow upward in the distillation column while va-
15 porizing the diol and the saturated hydrocarbon con-
tained in the reaction mixture at different stages of
the distillation column and withdrawing the vaporized
diol and saturated hydrocarbon together with the added
THF from the column top of the distillation column.
20 Such a distillation method employed in the present in-
vention is called a stripping method.
The reaction mixture in which the diol and the
saturated hydrocarbon have been removed by the strip-
ping method is a viscous liquid comprising an oxytetra-

25 methylene glycol copolymer and THF. THF and other low
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boiling point components contained in this liquid are
separated by centrifugal molecular distillation appara-
tus 32, The distillation temperature used to separate
THF is 80 to 180 °C. It is preferred that the distil-

5 lation temperature is as low as possible for suppress-
ing the heat deterioration of the oxytetramethylene
glycol copolymer. Specifically, the distillation is
preferably performed at 160 °C or less. In addition,
with respect to the pressure, high vacuum is preferred,

10 but due to the problems concerning the distillation ap-
paratus, the pressure in the range of from 0.01 to 10
Torr is appropriately used. Various molecular distil-
lation apparatuses other than the centrifugal molecular
distillation apparatus can be used in the present in-

15 vention. Specifically, use can be made of a pot still
type molecular distillation apparatus, a falling f£ilm
type molecular distillation apparatus and a centrifugal
molecular distillation apparatus. As a centrifugal mo-
lecular distillation apparatus, there can be mentioned

20 a rotary tray type molecular distillation apparatus and
an Arthur type molecular distillation apparatus.

The purification of the oxytetramethylene glycol
copolymer is completed by the removal of THF in the

above-mentioned manner. The purified oxytetramethylene

25 glycol copolymer is recovered in oxytetramethylene gly-
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col copolymer tank 33 and the separated THF and the low
boiling point substances are recovered in raw material
tank 28.
The purified oxytetramethylene glycol copolymer
5 can be analyzed by gas chromatography to thereby con-
firm the composition of the purified oxytetramethylene
glycol copolymer. The purified oxytetramethylene gly-
col copolymer comprises not more than 500 ppm of a diol,
not more than 1,000 ppm of a saturated hydrocarbon and
10 not less than 98 % of an oxytetramethylene glycol co-
polymer.
In the above-mentioned one-step purification
method, THF, a diol and a saturated hydrocarbon which
are removed by the stripping method are obtained as a
15 mixture. When raw material monomers containing a satu-
rated hydrocarbon is reused in the copolymerization re-
action, the saturated hydrocarbon may cause an adverse
effect on the copolymerization reaction rate. There-
fore, it is necessary to separate and remove the satu-
20 rated hydrocarbon from the recovered raw material mono-
mers before reusing the recovered raw material monomers.
Next, the two-step purification method is ex-
plained referring to Fig. 5.
Fig. 5 is a schematic diagram showing another ex-

25 ample of the continuous purification system for per-
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forming the two-step purification method which is used
for purifying the oxytetramethylene glycol copolymer of
the present invention.
The two-step purification method is a method in
5 which a saturated hydrocarbon alone is distilled off
from the reaction mixture in a first step and, then, a
diol is distilled off by the stripping method in a sec-
ond step to thereby purify an oxytetramethylene glycol
copolymer.

10 A reaction mixture is fed to centrifugal molecular
distillation apparatus 19 from reaction mixture tank 16
by using pump 17 to thereby remove a saturated hydro-
carbon from the reaction mixture. The distillation
performed in centrifugal molecular distillation appara-

15 tus 19 is performed under conditions wherein the solu-
tion temperature is 70 to 160 °C. The decomposition
and discoloration of the oxytetramethylene glycol co-
polymer are induced when the solution temperature be-
comes too high and, thus, it is desired that the solu-

20 tion temperature is as low as possible. However, when
the distillation temperature is too low, a large amount
of a saturated hydrocarbon will remain in the oxytetra-
methylene glycol copolymer. As a consequence, the so-

lution temperature is preferably in the range of from

25 90 to 130 °C.
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10%&: () - 2A 10%&7()iﬁéyhgéﬁﬁﬁfggfgg\gﬁg@%éﬁé:%2§ vary depending on
the distillation apparatus and distillation temperature
used, but the distillation pressure is in the range of
from 1 to 450 Torr. When the distillation apparatus is

5 relatively small, it is necessary to conduct the dis-
tillation under 100 Torr or less.

The molecular distillation apparatus used for dis-
tilling off the saturated hydrocarbon is not limited to
the centrifugal molecular distillation apparatus, and

10 use can be made of the various molecular distillation
apparatuses mentioned above.

The saturated hydrocarbon content of the reaction
mixture can be decreased to 0.0001 to 0.002, in terms
of the weight ratio of the saturated hydrocarbon to the

15 oxytetramethylene glycol copolymer, by removing the
saturated hydrocarbon from the reaction mixture by us-
ing centrifugal molecular distillation apparatus 19 un-
der the above-mentioned conditions.

The saturated hydrocarbon which is separated and

20 removed by means of the centrifugal molecular distilla-
tion apparatus 19 is recovered after subjected to a
distillation treatment by using distillation column 20.
Since a portion of the diol contained in the reaction
mixture is also removed together with the saturated hy-

25 drocarbon by the centrifugal molecular distillation,
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the diol contained in the saturated hydrocarbon solidi-
fies in the distillation column and the condensation
system because the diol solidifies at around room tem-
perature. For preventing such a solidification of diol,
5 it is preferred that water which is a good solvent for
a diol is added to the distilled-off saturated hydro-
carbon (containing a diol) and the diol is removed from
the resultant mixture by condensation thereof. Spe-
cifically, after recovering the saturated hydrocarbon
10 containing a diol from centrifugal molecular distilla-
tion apparatus 19, water is added to the saturated hy-
drocarbon by using pump 24. Water is added in an
amount which is sufficient to prevent the solidifica-
tion of a diol in the distillation column. Specifi-
15 cally, the amount of water added is at least 5 times
the weight of unreacted diol contained in the reaction
mixture. Since water causes a lowering of the boiling
point of the saturated hydrocarbon by forming an
azeotropic mixture with the saturated hydrocarbon, for
20 facilitating the distillation of the saturated hydro-
carbon (that is, for exhibiting the azeotropic effect
of water), the weight ratio of the water to the satu-
rated hydrocarbon is from 0.1 to 1, preferably from

0.25 to 0.5.

25 The saturated hydrocarbon having water mixed
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therewith is fed to distillation column 20. Since the
saturated hydrocarbon contains water, during the con-
densation reaction of diol which is occurring in the
distillation column, the diol contained in the satu-

5 rated hydrocarbon is always condensed simultaneously
with water which is a good solvent for a diol. There-
fore, the diol is not solidified in distillation column
20. Further, during the distillation in distillation
column 20, water is fed from the top of the distilla-

10 tion column by using pump 34 so that the water concen-
tration of each stage of the distillation column be-
comes constant. In addition, the gaseous diol which is
withdrawn from the column top of distillation column 20
is condensed in condensing means 21 together with water

15 which has been fed to the distillation column by using
pumps 24 and 34. The condensate which is a mixture of
the saturated hydrocarbon and water is subjected to a
two-phase separation by using decanter 22 and the sepa-
rated water is reused.

20 In the two-step purification method, the saturated
hydrocarbon-removed reaction mixture is fed to distil-
lation column 26 by using pump 25. The diol remaining
in the reaction mixture is removed in the second step
of the two-step purification method by the same strip-

25 ping method (as mentioned in connection with the one-
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step purification method) by using distillation column
26. The stripping method is performed under the condi-
tions which are explained in connection with the one-
step purification method.
5 A mixture of an oxytetramethylene glycol copolymer
and THF is obtained by the distillation performed in
the second step (stripping method) of the two-step pu-
rification method. Like the mixture obtained by the
one-step purification method, the mixture obtained by
10 the two-step purification method is a viscous liquid
comprising an oxytetramethylene glycol copolymer and
THF. THF and other low boiling point components con-
tained in this liquid are separated by centrifugal mo-
lecular distillation apparatus 32 as in the one-step
15 purification method. The purified oxytetramethylene
glycol copolymer is recovered in oxytetramethylene gly-
col copolymer tank 33 and the separated low boiling
point substances are recovered in raw material tank 28.
The purified oxytetramethylene glycol copolymer
20 can be analyzed by gas chromatography to thereby con-
firm the composition of the oxytetramethylene glycol
copolymer. The purified oxytetramethylene glycol co-
polymer comprises not more than 500 ppm of a diol, not

more than 1,000 ppm of a saturated hydrocarbon and not

25 less than 98 % of an oxytetramethylene glycol copolymer.
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either of the above-mentioned two purification methods
contains only trace amounts of the low molecular weight
components which are easily decomposed by heat and,
5 thus, the obtained oxytetramethylene glycol copolymer
has high thermal stability.
Further, in the two-step purification method, a
saturated hydrocarbon and a diol are separately removed
in the course of the purification process and, thus,

10 the separated saturated hydrocarbon and the separated

diol can be reused with ease.
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Hereinbelow, the present invention will be de-

scribed in more detail with reference to the following
Examples and Comparative Examples, but they should not
5 be construed as limiting the scope of the present in-

vention.

In the following Examples and Comparative Examples,
various properties were measured using the following

10 methods.

(1) Number average molecular weight of an oxytetra-
methylene glycol copolymer
The number average molecular weight of an oxy-
15 tetramethylene glycol copolymer is calculated from the

OH value of the copolymer.

i) Method for analysis

® To a 50 ml eggplant type flask is added an oxy-

20 tetramethylene glycol copolymer in an amount (unit:
mg) which is 1.39 times the expected molecular
weight of the oxytetramethylene glycol copolymer.
(For example, when the expected molecular weight is
1,800, 1800 x 1.39 = 2,502 mg is added.)

25 @ Approximately 5.0 g of a pyridine solution of anhy-
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0 () - 0 () - "
109 () -/ 10/@%§%ug)péthaf&§<§iigyga solution obtained by dissolv-

ing 14 g of anhydrous phthalic acid into 100 ml of
pyridine) is added to the eggplant type flask con-
taining the copolymer.

5 ® An air condenser is attached to the eggplant type
flask and the resultant eggplant type flask is im-
mersed in an oil bath at 98 °C while stirring slowly
for 2 hours.

@ The eggplant type flask is taken out from the oil

10 bath and cooled at room temperature for approxi-

mately 1 hour to obtain a mixture.

® Aqueous 50 % by weight pyridine solution is added to
the mixture obtained in step @® above from the upper
portion of the air condenser.

15 ® The resultant mixture obtained in the eggplant type
flask is agitated and, then, neutralization titra-
tion is performed with 1IN KOH by using phenol-
phthalein as an indicator.

@ Blank test was performed by repeating steps @ to ®

20 above except that the oxytetramethylene glycol co-
polymer is not used and 3.5 g of the pyridine solu-
tion of anhydrous phthalic acid is used.

The OH value and the number average molecular weight
of the oxytetramethylene glycol copolymer are calcu-

25 lated in accordance with the following formula:
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10%@\@ 10%@\@ ()-9H value = [X x amount (g) of pyridine solu-

tion of anhydrous phthalic acid - titration
amount (ml) of agqueous KOH solution] x KOH
factor x 56.1 / amount (g) of oxytetramethylene
5 glycol copolymer,
wherein X represents the titration
amount of agqueous KOH solution (ml) in
the blank test (using pyridine solu-
tion of anhydrous phthalic acid).
10 KOH factor is the actual effective alkalinity
of 1N aqueous KOH solution.
Mn is calculated from the OH value in accor-
dance with the following formula:

Mn = 112,200 / OH value.

15
(2) Molecular weight distribution of an oxytetra-
methylene glycol copolymer
The molecular weight distribution of an oxytetra-
methylene glycol copolymer is obtained by an analytical
20 gel permeation chromatography (analytical GPC).

i) Instruments

GPC apparatus: HLC-8220 GPC (manufactured and sold
by Tosoh Corporation, Japan)

25 Column: TSKgel SuperH3000 (1 column}),
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TSKgel SuperH1000 (2 columns)
(each manufactured and sold by Tosoh Cor-

poration, Japan)

ii) Conditions used for analysis

Detector: Differential refractometer (RI)
Temperature: 40 °C
Eluent: Chloroform (HPLC grade)
10 Flow rate of eluent: 0.4 ml/min
Sample: 0.5 % by weight solution of a copolymer in
chloroform
Amount of injected sample: 20 pl
Molecular weight standards: Polystryrenes (Mn =
15 96,000, Mn = 30,300, Mn = 13,000, Mn = 7,000,
Mn = 5,050, Mn = 2,100, Mn = 1,300 and Mn = 580)

and styrene monomer (Mn = 104)

(3) Preparative gel permeation chromatography (prepa-

20 rative GPC) of an oxytetramethylene glycol copolymer

i) Instruments

GPC apparatus: LC-908 (manufactured and sold by
Japan Analytical Industry Co., Ltd.,

25 Japan)
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number average molecular weight is less
than 3,000, and Shodex H2001, H2002 and
H2002.5 are used when the number average

5 molecular weight is 3,000 or more (each
manufactured and sold by Showa Denko K. K.,

Japan)

ii) Conditions used for analysis

10 Detector: Differential refractometer (RI)
Temperature: 40 °C
Eluent: chloroform
Flow rate of the eluent: 3 ml/min
Sample: chloroform solution containing 3 % by
15 weight of a copolymer which is obtained
by adding 1.5 g of a sample copolymer to
48.5 g of chloroform
Amount of the injected sample: 3 ml
Sampling number for fractions: 5

20 Sampling interval for fractions: 10 sec

(4) Obtainment of a high molecular weight-side 15 wt%
fraction of an oxytetramethylene glycol copolymer
A preparative GPC is performed under the condi-

25 tions described in item (3) above to thereby obtain a
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chromatogram (the abscissa indil es the retention time
and the ordinate indicates the RI detection voltage).
A fraction of the oxytetramethylene glycol copolymer
which corresponds to the area of a part of the whole
5 peak shown in the chromatogram was recovered, wherein
the part is taken on the side of the high molecular
weight including the maximum molecular weight in the
whole peak and wherein the area of the part of the
whole peak is 15 %, based on the area of the whole peak.
10 Chloroform is distilled off from the recovered fraction
at 60 °C under 5 Torr, thereby obtaining a high molecu-

lar weight-side 15 wt% fraction.

(5) Neopentyl glycol copolymerization ratio

15 The neopentyl glycol copolymerization ratio is
measured by means of 'H-NMR. Specifically, the neopen-
tyl glycol copolymerization ratio is calculated from
the integral value of the methylene protons of methyl-
ene groups of a THF chain having methylene groups at

20 both terminals thereof and the integral wvalue of the
methyl protons of NPG.

'H-NMR is performed under the following conditions.

i) Instruments

25 Apparatus: 'H-NMR model d-400 (manufactured and
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ii)

(6)

by JEOL L

Conditions used for analysis

Observation frequency: 400 MHz (lH)

Pulse length: 45°

Observation temperature: room temperature
Accumulation number: 64

Solvent: CDClj

Glass transition temperature

Glass transition temperature of an oxytetramethyl-

ene glycol copolymer is determined by means of the be-

low-mentioned differential scanning calorimeter (DSC).

i)

ii)

Instruments

DSC apparatus: DSC220C (manufactured and sold by

Seiko Instruments Inc., Japan)

Conditions used for analysis

Rate of increase in temperature: 10 °C/min
Range of temperature used for analysis:
-100 to 100 °C
Atmosphere used for analysis:
Nitrogen gas atmosphere (flow rate: 40 ml/min)

Amount of sample: 10 to 11 mg
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(7) Thermal stability of an oxytetramethylene glycol
copolymer

An oxytetramethylene glycol copolymer is analyzed
by thermogravimetric analysis (TGA) by using the in-
strument and the conditions explained below, to thereby
determine the temperature at which the weight of a sam-
pPle copolymer is reduced by 5 %. This temperature was

used as an index for thermal stability.
i) Instrument
Apparatus: TA 2950 (manufactured and sold by TA

Instrument, U.S.A)

ii) Conditions used for analysis

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)

(8) Determination of a neopentyl glycol (NPG) content
A neopentyl glycol content of an organic phase or
a reaction mixture is determined by gas chromatography

(GC). Specifically, the gas chromatography of a sample
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is performed under the following conditions to thereby
separate NPG from the sample, and the NPG content is

calculated from the peak area of the chromatogram.

5 i) Instrument
GC apparatus:
GCl7A (manufactured and sold by Shimadzu Corpo-
ration, Japan)
Column: ULTRAl (manufactured and sold by Hewlett
10 Packard, U.S.A)
Ligquid phase: Crosslinked Methyl Siloxane
(length: 25 m, inner diameter: 0.2 mm, thick-

ness of film of liquid phase: 0.33 pm)

15 ii) Conditions used for analysis

Temperature
Injection: 300 °C
Detector: 300 °C
Column: maintained at 60 °C for 5 min, followed

20 by temperature elevation to 300 °C at a rate of

20 °C/min; and, then, maintained at 300 °C for
8 min.

Sample: 10 % by weight solution of a reaction

mixture (or an organic phase)

25
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iii) Method for analysis

Acetone solutions individually containing 50, 100,
500, 1000 and 5000 ppm of NPG are analyzed by GC to
thereby obtain a chromatogram. The relationship between
5 the peak area and the NPG concentration is determined
from the obtained chromatogram, and the determined rela-
tionship is used to calculate the NPG concentration of

the sample.

10 (9) Heteropolyacid content
The heteropolyacid used as a catalyst in the pre-
sent invention contained tungsten as the metal species.
Therefore, the tungsten concentration of the hetero-
polyacid was determined by ICP-mass spectrometry and

15 used as the heteropolyacid content.

A. Apparatus:
PQQ-type ICP-MS (manufactured and sold by VG
Elemental, England)

20
B. Method for ICP-Mass Spectrometry:
® Approximately 5 g of a sample is placed in a quartz
crucible.
® The crucible containing the sample is heated to cal-

25 cine the sample, thereby obtaining a decomposition
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above is added 2 ml of 35 % hydrochloric acid solu-
tion. Then, the resultant mixture is heated on a

5 hot plate to dissolve the decomposition product,
thereby obtaining a solution.

@ 0.1 ml of an aqueous 1 ppm indium (In) solution is
added to the obtained solution as an internal stan-
dard.

10 ® Water is added to the mixture obtained in step ®
above so that the final volume of the solution be-
comes 25 ml,
® The solution obtained in step ® is subjected to

ICP-Mass spectrometry.

15
C. Preparation of a calibration curve:
® A series of solutions containing tungsten in various
concentrations (5 to 10,000 ppb by weight) is pre-
pared.
20 @ 0.1 ml of an agqueous 1 ppm indium (In) solution as

an internal standard is added to 5 g of each of the
standard solutions prepared in step ®, thereby ob-
taining mixed solutions.

® Water is added to the thus obtained solutions so

25 that the volume of each solution becomes 25 ml.



10%@A@ 10%@\@& ()-/x\ @ 10%@A@E ()-/ 10%@A@E ()-/ 10%@A@ ()-/
()-

()-/

109%@A@ () -/ 10%@A@E [E T/J evtX 10%@A@& ()-/ 10%@A@ ( 10%@A@ () -/
109%@\@ ()-/ 109%@A@ ()-/ @ 10%@\@ ()-/J 10%@A@& ()-/ 10%@A@& ()-/x\ @

10%@A@ () -/ 10%@A@E ()-/ 10%@A@E ()-/ 10%@A@ ()-/ 10%@A@& ()-/ G T/J evtX

10%@\@ ()-/ 10%@\@ ( 10%@A@ ()-/ 10%@A\@ ()-/ 10%@A\@ ()-/ @

109%@\@& ()-/J 10%@A@& ()-/ 10%@A@ ()-/| 98 10‘%@\@ ()-/ 10%A@ ()-/
109%@A@& () -/ 10%@A@& ()-/ 10%@A@& ()-/G T/J evt,G T/J ev& 10%@A@E ()-/ &
0 0 0 0

10 () - /@éO/ ﬁ:e(guitan]t()/@i@f (Jns aO/@\@‘i‘je(c)te/dO%o IC-E Mass

spectrometry so as to prepare a calibration curve.
D. Determination of a heteropolyacid content:

5 The tungsten concentration of a sample is deter-
mined by using the calibration curve for tungsten.
Example 1
(Continuous production of an oxytetramethylene glycol

10 copolymer)

1 liter of tetrahydrofuran (THF) containing not
more than 120 ppm of water and 53.3 g of neopentyl gly-
col (NPG) were added to a 2-liter separable flask and
stirred at room temperature, to thereby obtain a solu-

15 tion. To the obtained solution was added 650 g of
phosphotungstic acid hexahydrate as a heteropolyacid
(HPA) catalyst and stirred at room temperature for ap-
proximately 1 hour, thereby obtaining a mixture. The
obtained mixture was allowed to stand still so that the

20 mixture was separated into a lower catalyst phase and

an upper organic phase.

An oxytetramethylene glycol copolymer was produced
using the production system shown in Fig. 2.

The catalyst phase prepared above was charged into

25 reactor 2. Subsequently, reactor 2 containing the
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pared above and the excess organic phase was allowed to
flow into catalyst separation vessel 3 which was con-
nected to reactor 2. Reactor 2 was equipped with a
5 baffle and two turbine blades. The whole system shown
in Fig. 2 was purged with nitrogen gas and the reaction
was initiated by stirring (the motive power applied to
the liquid per unit volume of the reactor was 5.6 kW/m’)
the organic phase and the catalyst phase in the reactor
10 while heating the reactor to a temperature in the range
of from 66 to 69 °C. Subsequently, raw material tank 1
was charged with a THF solution obtained by dissolving
1,218 g of NPG and 266 g of phosphtungstic acid hexahy-
drate in 12,516 g of THF and the THF solution was fed
15 from raw material tank 1 to reactor 2 at a flow rate of
79 ml/hr. The resultant reaction mixture in reactor 2
was circulated between reactor 2 and catalyst separa-
tion vessel 3 as follows. The reaction mixture was fed
to catalyst separation vessel 3 from reactor 2 and
20 separated into two phases, namely an upper reaction-
formed organic phase and a lower reaction-formed cata-
lyst phase. The lower reaction-formed catalyst phase
was returned to reactor 2, while the upper reaction-
formed organic phase was flowed up and collected in or-

25 ganic phase receiving vessel 5 after passing through
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merization reaction was removed by withdrawing an azeo-
tropic vapor of water and THF from reactor 2. The
withdrawn azeotropic vapor was condensed using condens-

5 ing means 7 to thereby obtain a THF/water mixture, and
the obtained THF/water mixture was collected in
THF /water receiving tank 8. The THF/water mixture was
withdrawn from THF/water receiving tank 8 at a constant
rate by using pump 12 and fed into THF/water storage

10 tank 9. THF (water content: 120 ppm or less) was fed

to reactor 2 from THF tank 6 by using pump 1l so that
the amount of THF fed to reactor 2 was the same as the
amount of THF withdrawn from reactor 2 as the azeo-
tropic vapor. THF was fed to reactor 2 at a feeding

15 rate which was the same as the withdrawing rate of

THF /water mixture by pump 12.

The reaction system was operated in the above-
mentioned manner so as to maintain the volume of the
reaction mixture in reactor 2 at 610 ml, the volume of

20 the catalyst phase in reactor 2 at 330 ml (thus, the

ratio of the volume of the catalyst phase to the total

volume of the ligquid in the reactor became 0.54), the

NPG concentration of the organic phase at 0.80 % and

the specific gravity of the catalyst phase at 2.15.

25 When the reaction temperature became stable at 68 °C,
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oxytetramethylene glycol copolymer was produced by op-
erating the reactor for 100 hours. The resultant co-

5 polymerization reaction mixture was separated into an
upper reaction-formed organic phase and a lower reac-
tion-formed catalyst phase in catalyst separation ves-
sel 3 and only the reaction-formed organic phase was
collected in organic phase receiving vessel 5. The or-

10 ganic phase recovered in organic phase receiving vessel
5 was used as a reaction-formed organic phase contain-
ing an oxytetramethylene glycol copolymer.

0.5 wt% of water and 4.0 wt% of calcium hydroxide,
each based on the weight of the reaction-formed organic

15 phase, were added to the reaction-formed organic phase
and stirred for approximately 1 hour, to thereby pre-
cipitate the residual phosphotungstic acid as a calcium
salt thereof. The precipitate was filtered off by us-
ing a membrane filter (pore diameter: 0.2 um) made of

20 polytetrafluoroethylene, thereby obtaining a filtrate.
Unreacted low boiling point components (raw material
THF and the like) contained in the filtrate were dis-
tilled off at 80 °C under 10 Torr or less, thereby ob-
taining a crude oxytetramethylene glycol copolymer.

25 Approximately 5 g of the obtained crude oxytetramethyl-
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type flask and heated at 120 °C under 0.05 Torr or less
for 5 minutes while slowly rotating the eggplant type
flask, to thereby remove the unreacted NPG. As a re-
5 sult, an oxytetramethylene glycol copolymer was ob-
tained.
The obtained oxytetramethylene glycol copolymer
had a number average molecular weight of 1610 and an
NPG copolymerization whole ratio N, of 15.6 mol%.

10 Next, the remainder of the crude oxytetramethylene
glycol copolymer was subjected to a preparative GPC to
thereby obtain a high molecular weight-side 15 wt%
fraction. The NPG copolymerization partial ratio Ny of
the obtained high molecular weight-side 15 wt% fraction

15 was 9.9 mol#%.

The melting point and glass transition temperature
of the obtained oxytetramethylene glycol copolymer are
shown in Table 2, together with other properties of the
oxytetramethylene glycol copolymer.

20

Examples 2 to 8

An oxytetramethylene glycol copolymer was produced
in substantially the same manner as in Example 1, ex-
cept that the reaction conditions (composition of the

25 raw material liquid containing THF, NPG and phospho-
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raw material liquid (F), volume of the liguid in the
reactor (V), volume of the catalyst phase (CV), spe-
cific gravity of the catalyst phase, NPG concentration,
motive power applied to the liquid per unit volume
thereof (P/V) and time required for stably operating
the reaction system (Hr)) which are shown in Table 1
were employed. The properties of the produced oxy-

tetramethylene glycol copolymer are shown in Table 2.
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using a 2-liter separable flask equipped with a frac-
tional distillation apparatus (comprising a fractiona-

5 tion column, a refrigerator, a reflux valve and the
like), a stirrer and an inlet for feeding THF. 220 g
of THF and 185 g of NPG were added to the separable
flask and stirred to thereby obtain a homogeneous solu-
tion. To the thus obtained solution was added 500 g of

10 phosphotungstic acid hexahydrate (as a catalyst) while
stirring, to thereby dissolve the catalyst in the solu-
tion. The separable flask was immersed in an oil bath
maintained at 100 °C and nitrogen gas was fed to the
flask at a feeding rate of 10 ml/min from the upper

15 portion of the refrigerator attached thereto. The in-
ner pressure of the separable flask was maintained at
0.2 kg/cm®*'G by providing the flask with an exhaust
valve which was adapted to be opened when the inner
pressure of the separable flask reaches 0.2 kg/cm’'G.

20 The point in time when the temperature of the reaction
system reached 85 °C was regarded as the point in time
of the initiation of the reaction. Thereafter, the
temperature of the reaction mixture was maintained at
85 °C by feeding THF to the separable flask. 40 Min-

25 utes after the initiation of the reaction, the bottom
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temperature of the fractionation column was adjusted to
approximately 70 °C to thereby initiate the fractional
distillation of water-containing THF. The copolymeri-
zation reaction was continued for 14 hours in the

5 above-mentioned manner. During the copolymerization
reaction, the reaction mixture began to separate into a
catalyst phase and an organic phase. A change was ob-
served in the dispersion of the catalyst phase in the
reaction mixture and the viscosity of the separated

10 catalyst phase increased in accordance with the pro-
gress of the copolymerization reaction.

After the termination of the reaction, the stir-
ring of the reaction mixture was discontinued and the
reaction mixture was allowed to stand still for 20 min-

15 utes to thereby separate the reaction mixture into two
phases, namely an upper reaction-formed organic phase
and a lower reaction-formed catalyst phase. 640 g of
the upper reaction-formed organic phase was recovered
from the flask while leaving 340 cc of the lower reac-

20 tion-formed catalyst phase in the flask. To 640 g of
the upper reaction-formed organic phase was added 5 g
of calcium hydroxide and stirred at room temperature
for approximately 1 hour to precipitate the residual
catalyst and, then, the precipitate was filtered off by

25 using a filter. THF contained in the thus obtained
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thereby obtain a crude oxytetramethylene glycol copoly-
mer. 10 g of the obtained crude oxytetramethylene gly-
col copolymer was placed in a 100 ml eggplant type
flask and heated at 120 °C under 0.1 Torr or less for 5
minutes, to thereby remove the unreacted NPG. As a re-
sult, an oxytetramethylene glycol copolymer was ob-
tained.

The obtained oxytetramethylene glycol copolymer
had a number average molecular weight of 1820 and an
NPG copolymerization whole ratio N, of 30 mol%. The
concentration of the residual NPG was not less than 1 %
by weight. The o value (represented by formula (I)) of
the oxytetramethylene glycol copolymer was 2.0 x 107
and, thus, the oxytetramethylene glycol copolymer sat-
isfied a requirement of the present invention. However,
the  value (represented by formula (II)) of the oxy-
tetramethylene glycol copolymer was 0.0567 and, thus,
the oxytetramethylene glycol copolymer did not satisfy
another requirement of the present invention. Other
properties of the obtained oxytetramethylene glycol co-

polymer are shown in Table 3.

Comparative Example 2

An oxytetramethylene glycol copolymer was produced
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temperature of the reaction mixture was maintained at

*

74 °C by feeding THF to the separable flask. 40 Min-
utes after the initiation of the reaction, the bottom
temperature of the fractionation column was adjusted to

25 approximately 70 °C to thereby initiate the fractional
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by weight. The o value (represented by formula (I)) of

The

the oxytetramethylene glycol copolymer was 3.2 x 1078
and, thus, the oxytetramethylene glycol copolymer sat-
isfied a regquirement of the present invention. However,
15 the B value (represented by formula (II)) of the oxy-
tetramethylene glycol copolymer was 0.0568 and, thus,
the oxytetramethylene glycol copolymer d4id not satisfy
another requirement of the present invention. Other
properties of the obtained oxytetramethylene glycol

20 copolymer are shown in Table 3.

Comparative Example 3

An oxytetramethylene glycol copolymer was produced
using a 2-liter separable flask equipped with a frac-

25 tional distillation apparatus (comprising a fractiona-
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flask and stirred to thereby obtain a homogeneous solu-

5 tion. To the thus obtained solution was added 500 g of
phosphotungstic acid hexahydrate (as a catalyst) while
stirring, to thereby dissolve the catalyst in the solu-
tion. The separable flask was immersed in an oil bath
maintained at 80 °C. The point in time when the tem-

10 perature of the reaction system reached 71 °C was re-
garded as the point in time of the initiation of the
reaction. Thereafter, the temperature of the reaction
mixture was maintained at 71 °C by feeding THF to the
separable flask. 40 Minutes after the initiation of

15 the reaction, the bottom temperature of the fractiona-
tion column was adjusted to approximately 69 °C to
thereby initiate the fractional distillation of water-
containing THF. The copolymerization reaction was con-
tinued for 24 hours in the above-mentioned manner. The

20 reaction was performed in a nitrogen atmosphere under
an atmospheric pressure. During the copolymerization
reaction, the reaction mixture began to separate into a
catalyst phase and an organic phase. A change was ob-
served in the dispersion of the catalyst phase in the

25 reaction mixture and the viscosity of the separated
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After the termination of the reaction, the stir-
ring of the reaction mixture was discontinued and the
5 reaction mixture was allowed to stand still for 20 min-
utes to thereby separate the reaction mixture into two
phases, namely an upper reaction-formed organic phase
and a lower reaction-formed catalyst phase. 920 g of
the upper reaction-formed organic phase was recovered
10 from the flask while leaving 340 cc¢ of the lower reac-
tion-formed catalyst phase in the flask. To 640 g of
the upper reaction-formed organic phase was added 9 g
of calcium hydroxide and stirred at room temperature
for approximately 1 hour to precipitate the residual
15 catalyst and, then, the precipitate was filtered off by
using a filter. THF contained in the thus obtained
filtrate was distilled off at 60 °C under 10 Torr to
thereby obtain a crude oxytetramethylene glycol copoly-
mer. 10 g of the obtained crude oxytetramethylene gly-
20 col copolymer was placed in a 100 ml eggplant type
flask and heated at 120 °C under 0.1 Torr or less for
5 minutes, to thereby remove the unreacted NPG. As a
result, an oxytetramethylene glycol copolymer was ob-

tained.

25 The obtained oxytetramethylene glycol copolymer
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concentration of the residual NPG was 500 ppm. The mo-
lecular weight distribution Mw/Mn of the obtained oxy-
5 tetramethylene glycol copolymer was 1.8 and, thus, the
oxytetramethylene glycol copolymer satisfied a require-
ment of the present invention. However, the f value
(represented by formula (II)) of the oxytetramethylene
glycol copolymer was 0.0562 and, thus, the oxytetra-
10 methylene glycol copolymer did not satisfy another re-
quirement of the present invention. Other properties
of the obtained oxytetramethylene glycol copolymer are

shown in Table 3.

15 Comparative Example 4

An oxytetramethylene glycol copolymer was produced
using a 2-liter separable flask equipped with a frac-
tional distillation apparatus, a stirrer and an inlet
for feeding THF. 920 g of THF and 80 g of NPG were

20 added to the separable flask and stirred to thereby ob-
tain a homogeneous solution. To the thus obtained so-
lution was added 600 g of phosphotungstic acid hexa-
hydrate (as a catalyst) while stirring, to thereby dis-
solve the catalyst in the solution. The separable

25 flask was immersed in an oil bath maintained at 75 °C
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910%L" & ()->3 excess amouﬁtgggg%y prééuced water (i.e., remainder of

the by-produced water after consuming a part of water

5 for forming the polymer terminals) was removed together
with THF from the reaction system by fractional distil-
lation. The distillate (THF/water mixture) was fed to
the bottom of an adsorption column made of glass (di-
ameter: 44 mm, height: 100 mm) which was packed with

10 200 g of molecular sieves type 3A, to thereby remove
water by adsorption. The water-removed mixture (mainly
composed of THF) was withdrawn from the top of the ad-
sorption column and returned to the reaction system.
Before feeding the distillate to the adsorption column,

15 the adsorption column was filled with THF having a wa-
ter content of not more than 50 ppm. Approximately
2.4 kg of the distillate was obtained after performing
the reaction for 15 hours.

After the termination of the reaction, the stir-

20 ring of the reaction mixture was discontinued and the
reaction mixture was allowed to stand still to thereby
separate the reaction mixture into two phases, namely
an upper reaction-formed organic phase and a lower

reaction-formed catalyst phase. The upper reaction-

25 formed organic phase was recovered by decantation. To
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using a filter, thereby obtaining a filtrate. THF and
5 NPG contained in the filtrate were removed by distilla-
tion to thereby obtain a viscous oxytetramethylene gly-
col copolymer.
The obtained oxytetramethylene glycol copolymer
had a number average molecular weight of 1730 and an
10 NPG copolymerization whole ratio Ny, of 13 mol%. The
concentration of the residual NPG was 800 ppm. The «
value (represented by formula (I)) of the oxytetra-
methylene glycol copolymer was 1.2 x 10°® and, thus,
the oxytetramethylene glycol copolymer satisfied a re-
15 quirement of the present invention. However, the f3
value (represented by formula (II)) of the oxytetra-
methylene glycol copolymer was 0.0564 and, thus, the
oxytetramethylene glycol copolymer did not satisfy an-
other requirement of the present invention. Other
20 properties of the obtained oxytetramethylene glycol

copolymer are shown in Table 3.

Comparative Example 5

An oxytetramethylene glycol copolymer was produced

25 using a 2-liter separable flask equipped with a frac-
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910% L" & () - >3gd8%8/ié ghé)sepirable flask and stirred to thereby ob-

tain a homogeneous solution. To the thus obtained so-

5 lution was added 510 g of phosphotungstic acid hexa-
hydrate (as a catalyst) while stirring, to thereby dis-
solve the catalyst in the solution. The separable
flask was immersed in an oil bath maintained at 75 °C
while stirring the solution in the flask for 10 hours,

10 to thereby perform the copolymerization reaction. The
excess amount of by-produced water (i.e., remainder of
the by-produced water after consuming a part of water
for forming the polymer terminals) was removed together
with THF from the reaction system by fractional distil-

15 lation. THF was continuously fed to the flask so that
the amount of THF fed to the flask was the same as the
amount of THF withdrawn from the flask as a distillate.

After the termination of the reaction, the stir-
ring of the reaction mixture was discontinued and the

20 reaction mixture was allowed to stand still to thereby
separate the reaction mixture into two phases, namely
an upper reaction-formed organic phase and a lower
reaction-formed catalyst phase. The upper reaction-

formed organic phase was recovered by decantation. To

25 the recovered upper reaction-formed organic phase was
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for 1 day and night to thereby precipitate the residual
catalyst. The precipitate was filtered off by using a
5 filter, thereby obtaining a filtrate. THF contained in
the filtrate was removed by fractional distillation at
40 °C under 20 Torr. Subsequently, the still residue
was allowed to stand still at 120 °C under 0.1 Torr or
less for 5 minutes under conditions wherein the thick-
10 ness of the polymer f£ilm became 1 cm or less, thereby
removing NPG from the still residue. As a result, 180
g of a viscous copolymer was obtained.
The obtained oxytetramethylene glycol copolymer
had a number average molecular weight of 1720 and an NPG
15 copolymerization whole ratio N, of 10 mol%. The concen-
tration of the residual NPG was 600 ppm. The o value
(represented by formula (I)) of the oxytetramethylene
glycol copolymer was 8.5 x 10°%® and, thus, the oxytetra-
methylene glycol copolymer satisfied a requirement of
20 the present invention. However, the (3 value (repre-
sented by formula (II)) of the oxytetramethylene glycol
copolymer was 0.0565 and, thus, the oxytetramethylene
glycol copolymer did not satisfy another requirement of
the present invention. Other properties of the obtained

25 oxytetramethylene glycol copolymer are shown in Table 3.
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ing a specific gravity of less than 1.8)
An oxytetramethylene glycol copolymer was produced

5 in substantially the same manner as in Example 1, ex-
cept that the reaction conditions (composition of the
raw material liquid containing THF, NPG and phospho-
tungstic acid hexahydrate (HPA), feeding rate of the
raw material liquid (F), volume of the liquid in the

10 reactor (V), volume of the catalyst phase (CV), spe-
cific gravity of the catalyst phase, NPG concentration,
motive power applied to the liquid per unit volume
thereof (P/V) and time required for stably operating
the reaction system (Hr)) which are shown in Table 4

15 were employed. The properties of the produced oxy-
tetramethylene glycol copolymer are shown in Table 5.

As apparent from Table 5 below, each of the co-

polymers obtained in Comparative Examples 6 to 8 had
the B value (represented by formula (II)) satisfying a

20 requirement of the present invention. However, the «
value (represented by formula (I)) of each of the
copolymers did not satisfy another requirement of the

present invention.
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performed in the same manner as in Example 1, but the
catalyst removal is performed without using Ca(OH);)

5 1 liter of tetrahydrofuran (THF) containing not
more than 120 ppm of water and 53.3 g of neopentyl gly-
col (NPG) were added to a 2-liter separable flask and
stirred at room temperature, to thereby obtain a solu-
tion. To the obtained solution was added 650 g of

10 phosphotungstic acid hexahydrate as a heteropolyacid
(HPA) catalyst and stirred at room temperature for ap-
proximately 1 hour, thereby obtaining a mixture. The
obtained mixture was allowed to stand still so that the
mixture was separated into a lower catalyst phase and

15 an upper organic phase.

An oxytetramethylene glycol copolymer was produced
using a continuous production system shown in Fig. 2.

The catalyst phase prepared above was charged into
reactor 2. Subsequently, reactor 2 containing the

20 catalyst phase was filled with the organic phase pre-
pared above and the excess organic phase was allowed to
flow into catalyst separation vessel 3 which was con-
nected to reactor 2. Reactor 2 was equipped with a

baffle and two turbine blades. The whole system shown

25 in Fig. 2 was purged with nitrogen gas and the reaction
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was ilnitiated by stirring the organic phase and the
catalyst phase in the reactor while heating the reactor
to a temperature in the range of from 66 to 69 °C.
Subsequently, raw material tank 1 was charged with a
5 THF solution obtained by dissolving 1,218 g of NPG and
266 g of phosphtungstic acid hexahydrate in 12,516 g of
THF and the THF solution was fed from raw material tank
1 to reactor 2 at a flow rate of 79 ml/hr. The resul-
tant reaction mixture in reactor 2 was circulated be-
10 tween reactor 2 and catalyst separation vessel 3 as
follows. The reaction mixture was fed to catalyst
separation vessel 3 from reactor 2 and separated into
two phases, namely an upper reaction-formed organic
phase and a lower reaction-formed catalyst phase. The
15 lower reaction-formed catalyst phase was returned to
reactor 2, while the upper reaction-formed organic
phase was flowed up and collected in organic phase re-
ceiving vessel 5 after passing through refrigerator 4.
Water by-produced during the copolymerization reaction
20 was removed by withdrawing an azeotropic vapor of water
and THF from reactor 2. The withdrawn azeotropic vapor
was condensed using condensing means 7 to thereby ob-
tain a THF/water mixture, and the obtained THF/water
mixture was collected in THF/water receiving tank 8.

25 The THF/water mixture was withdrawn from THF/water re-
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ceiving tank 8 at a constant rate by using pump 12 and
fed into THF/water storage tank 9. THF (water content:
120 ppm or less) was fed to reactor 2 from THF tank 6
by using pump 11 so that the amount of THF fed to reac-
5 tor 2 was the same as the amount of THF withdrawn from
reactor 2 as the azeotropic vapor. THF was fed to re-
actor 2 at a feeding rate which was the same as the
withdrawing rate of THF/water mixture by pump 12.
The reaction system was operated in the above-

10 mentioned manner so as to maintain the volume of the
reaction mixture in reactor 2 at 610 ml, the volume of
the catalyst phase in reactor 2 at 330 ml, the NPG con-
centration of the organic phase at 0.80 % and the spe-
cific gravity of the catalyst phase at 2.15. When the

15 reaction temperature became stable at 68 °C, the con-
tinuous polymerization reactor (reactor 2) was operated
continuously for 33 hours. Subsequently, an oxytetra-
methylene glycol copolymer was produced by operating
the reactor for 100 hours. The resultant copolymeriza-

20 tion reaction mixture was separated into an upper reac-
tion-formed organic phase and a lower reaction-formed
catalyst phase in catalyst separation vessel 3 and only
the reaction-formed organic phase was collected in or-
ganic phase receiving vessel 5. The organic phase re-

25 covered in organic phase receiving vessel 5 was used as

ol 109%{& ()--! 10%{& ()-- 10%{& ()--)S*S, S. SOS1S?S| R5i\: {!
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a reaction-formed organic phase containing an oxytetra-
methylene glycol copolymer.

The volume of the liquid in the reactor was 610 ml,
the volume of the catalyst phase was 330 ml, and the
concentration of NPG in the organic phase of the reac-
tion mixture was 0.80 %.

5 kg of the reaction mixture was taken out from
organic phase receiving vessel 5 containing the reac-
tion-formed organic phase produced while stably operat-
ing the reaction system. THF contained in the reaction
mixture was removed by fractional distillation at 50 °C
under 50 mmHg so as to obtain a copolymer concentrate
having a copolymer concentration of from 45 to 60 % by
weight.

To the obtained copolymer concentrate was added n-
octane in an amount which was 1.5 times the weight of
the copolymer concentrate, and the resultant mixture
was stirred so as to enable the phase separation of the
catalyst which was dissolved in the copolymer concen-
trate. Since the amount of the catalyst phase formed
by the addition of n-octane was very small, after re-
moving the lower catalyst phase from the upper organic
phase, the residual catalyst dispersed in the upper or-

ganic phase was filtered off by using a membrane filter

(pore diameter: 0.2 pum) made of polytetrafluoroethylene,
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thereby obtaining a filtrate. The obtained filtrate
was a transparent liquid having a heteropolyacid con-
centration in terms of tungsten concentration of 8 ppm.
The filtrate (i.e., the organic phase obtained af-
5 ter removing the catalyst phase) was fed to a column
packed with approximately 1 kg of an activated carbon,
to thereby adsorb and remove a small amount of the
catalyst which was dissolved in the filtrate by the ac-
tivated carbon. The filtrate was fed to the column at

10 a flow rate of 5 liters/hr by using a pump. After the
treatment with the activated carbon, the reaction mix-
ture (effluent) had a heteropolyacid (phosphotungstic
acid) concentration in terms of tungsten concentration
of 0.5 ppm.

15 Subsequently, THF was distilled off from the ef-
fluent by using an Oldershaw distillation column (num-
ber of theoretical plates: 10) at 50 °C under 440 mmHg,
thereby obtaining a THF removed, oxytetramethylene gly-
col copolymer solution in octane. The obtained oxy-

20 tetramethylene glycol copolymer solution was cooled to
40 °C so as separate the copolymer solution into an n-
octane phase and an oxytetramethylene glycol copolymer
phase. The oxytetramethylene glycol copolymer phase
was recovered as a partially purified reaction mixture.

25 The partially purified reaction mixture contained



109%{& ()--! 10%{& ()--! 10%{& ()-- 10%{& ()-- 10%{& ()--)?FJ

SSSSSSSzX6i\: {1l 10%{& ()--! 10%{& ()--! 10%{& ()-- 10%{& ()--

109 {& ()--)?F) SSSSSSSzX6i\:{!! 10%{& ()--! 10%{& ()--! 10%{& ()--

10%{& ()-- 10%{& ()--)?F) SSSSSSSzX6i\:{!! 10%{& ()--! 10%{& ()--!

10% {& ()-- 10%{& ()-- 109%{& ()--)?FJ SSSSSSSzX6i\:{!! 10%{& ()--!
129

53 % by weight of an oxytetramethylene glycol copolymer,
46 % by weight of n-octane and 1 % by weight of NPG.
The number average molecular weight was 1710 and the

NPG copolymerization whole ratio Ny, was 15.5 mol#%.

Example 10
(Two-step purification method)

An oxytetramethylene glycol copolymer was purified

from the partially purified reaction mixture obtained
10 in Example 9 by using the purification system shown in
Fig. 5.

The partially purified reaction mixture obtained
in Example 9 was placed in reaction mixture tank 16 and
the reaction mixture was fed from reaction mixture tank

15 16 to mixer 18 at a flow rate of 12 ml/min by using
pump 17. Water was fed to mixer 18 at a flow rate of
3.2 ml/min by using pump 24 so as to mix the reaction
mixture with water in mixer 18. The resultant mixture
was fed to centrifugal molecular distillation apparatus

20 19 to thereby remove octane and other low boiling point
components from the mixture at 120 °C under 50 Torr.
The distillate was a mixture of low boiling point com-
ponents including octane. The mixture of the low boil-
ing point components was fed to distillation column 20

25 (an Oldershaw distillation column, number of theoreti-



10%4{& ()--! 10%{& ()-- 10%{& ()-- 10%{& ()--)?F) SSSSSSSzX6il\:{!!

10%{& ()--! 10%{& ()--! 10%{& ()-- 10%{& ()-- 10%{& ()--)?FJ
SSSSSSSzX6i \: {1l 10%{& ()--! 10%{& ()--! 10%{& ()-- 10%{& ()--
10% { & ()--)7?FJ SSSSSSSzX6i\:{!! 10%{& ()--! 10%{& ()--! 10%{& ()--
10%{& ()-- 10%{& ()--)?F) SSSTTTTzX6i\:{!! 10%{& ()--! 10%{& ()--!
10%{& ()-- 130

cal plates: 20, column diameter: 50 mm, column height:
1,350 mm) to thereby distill off a mixture of octane
and water from the low boiling components., The distil-
lation was performed by feeding the mixture of the low

5 boiling point components to the column top at a flow
rate of 0.92 ml/min by using pump 34. The mixture of
octane and water which was distilled off from distilla-
tion column 20 was fed to decanter 22 to thereby sepa-
rate the mixture into a lower water phase and an upper

10 octane phase. The lower water phase was recycled to
either mixer 18 by using pump 24 or distillation column
20 by using pump 34. The upper octane phase was recov-
ered in octane storage tank 23. The recovered octane
can be used for the phase separation of the catalyst

15 from the reaction-formed organic phase.

The reaction mixture treated with centrifugal mo-
lecular distillation apparatus 19 was fed to distilla-
tion column 26 (number of theoretical plates: 17, col-
umn diameter: 80 mm, column height: 1272 mm, column

20 packing: Melapack CY) by using pump 25 at a flow rate
of 6.2 ml/min. A fresh THF was fed from fresh THF tank
29 to heating means 31 at a flow rate of 20 ml/min by
using pump 30 to thereby heat THF to 120 °C, and the
resultant gaseous THF was fed to the bottom portion of

25 distillation column 26. The ratio of the NPG flow rate
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to the THF flow rate became approximately 170. Distil-
lation column 26 was heated from the outside thereof to
maintain the temperature of the inner vapor at 120 °C.
The degree of vacuum inside the distillation column was
5 maintained at 450 Torr. The vapor withdrawn from the
column top which was mainly composed of THF was cooled
by means of condensing means 27, to thereby liquefy the
vapor, and the liquefied vapor was fed to raw material
tank 28. The high temperature liquid withdrawn from
10 the bottom portion of distillation column 26 had an
oxytetramethylene glycol copolymer content of 90 % or
more. This liguid as such was fed to centrifugal mo-
lecular distillation apparatus 32 and THF contained
therein was removed at 120 °C under 0.5 Torr, thereby
15 obtaining a purified oxytetramethylene glycol copolymer.
The removed THF was recovered in raw material tank 28
and the purified oxytetramethylene glycol copolymer was
recovered in oxytetramethylene glycol copolymer tank 33.
When the conditions inside distillation column 26 be-
20 came stable and the distillation column was filled with
the copolymer, raw material tank 28 was changed to raw
material tank 28’ (not shown) so as to collect a THF
solution composed of gaseous THF which was recovered
under stable conditions.

25 The THF solution in raw material tank 28" (not
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shown) which was recovered under stable conditions had
an NPG concentration of 0.6 % and an octane concentra-
tion of 0.1 %.
The purified oxytetramethylene glycol copolymer

5 recovered in oxytetramethylene glycol copolymer tank 33
had an oxytetramethylene glycol copolymer content of
99 % or more, an NPG content of less than 80 ppm and an
n-octane content of less than 50 ppm. The number aver-
age molecular weight was 1710, the molecular weight

10 distribution was 1.75, the NPG copolymerization whole
ratio Ny was 15.6 mol%, and the f§ value (represented by
formula (II)) was 0.0543. The thermal stability of the
oxytetramethylene glycol copolymer was 333 °C and the
color index measured in accordance with APHA was 10.

15 With respect to the above-mentioned analytical re-
sults of the purified oxytetramethylene glycol copoly-
mer, please note the following. Each of the NPG con-
tent and the n-octane content was determined by gas
chromatography and the determined value was lower than

20 the detection limit of the gas chromatography performed
under conditions mentioned above. The amount of the
residual THF in the purified oxytetramethylene glycol
copolymer was determined in terms of the low boiling
point components distilled off by heating the oxytetra-

25 methylene glycol copolymer at 80°C under 5 Torr for 30
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minutes. The oxytetramethylene glycol copolymer con-
tent of a purified oxytetramethylene glycol copolymer
was determined by subtracting the total weight of THF,
NPG and n-octane contained in the purified oxytetra-
5 methylene glycol copolymer from the weight of the puri-

fied oxytetramethylene glycol copolymer.

Example 11

(Production of an oxytetramethylene glycol copolymer by
10 using THF and NPG recovered in Example 10)
4 kg of the THF solution in raw material tank 28’
which was recovered in Example 10, was taken out, and
NPG and phosphotungstic acid hexahydrate (HPA) were
added thereto in amounts such that the NPG concentra-
15 tion and the HPA concentration of the resultant mixture
became 8.7 % and 1.9 %, respectively. The resultant
solution was used as a raw material ligquid. An oxy-
tetramethylene glycol copolymer was produced in sub-
stantially the same manner as in Example 9 except that
20 use was made of the above-mentioned raw material liquid.
Further, since the amount of the raw material ligquid
was smaller than the amount used in Example 9, the re-
action was performed for only 25 hours after the stabi-
lization of the reaction conditions.

25 A reaction mixture was obtained in the above-
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mentioned manner and 1.5 kg of the obtained reaction
mixture was partially purified in substantially the
same manner as in Example 9 and further purified in
substantially the same manner as in Example 1, thereby
5 obtaining a purified oxytetramethylene glycol copolymer.
The purified oxytetramethylene glycol copolymer
had an oxytetramethylene glycol copolymer content of
99 % or more, an NPG content of less than 80 ppm and an
n-octane content of less than 50 ppm. The number aver-
10 age molecular weight was 1780, the molecular weight
distribution was 1.77, the NPG copolymerization whole
ratio N, was 15.8 mol%, and the B value (represented by
formula (II)) was 0.0543. The thermal stability of the
oxytetramethylene glycol copolymer was 334 °C and the
15 color index measured in accordance with APHA was 10.
With respect to the above-mentioned analytical re-
sults of the purified oxytetramethylene glycol copoly-
mer, please note the following. Each of the NPG con-
tent and the n-octane content was determined by gas
20 chromatography and the determined value was lower than
the detection limit of the gas chromatography performed
under conditions mentioned above. The amount of the
residual THF in the purified oxytetramethylene glycol
copolymer was determined in terms of the low boiling

25 point components distilled off by heating the oxytetra-
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methylene glycol copolymer at 80°C under 5 Torr for 30
minutes. The oxytetramethylene glycol copolymer con-
tent of a purified oxytetramethylene glycol copolymer
was determined by subtracting the total weight of THF,
5 NPG and n-octane contained in the purified oxytetrame-
thylene glycol copolymer from the weight of the puri-
fied oxytetramethylene glycol copolymer.
THF and a diol recovered by the stripping process
and the centrifugal molecular distillation can be recy-
10 cled without causing any adverse effects on the reac-
tion rate and the quality of the produced oxytetrame-

thylene glycol copolymer.

Example 12
15 (One-step purification method)

The copolymerization reaction was performed in
substantially the same manner as in Example 9 except
that the polymerization reaction under stable reaction
conditions was performed for 150 hours. A part of THF

20 contained in the thus obtained reaction mixture was re-
moved by distillation and the catalyst contained in the
reaction mixture was removed by the addition of
n-octane, followed by phase separation and filtration.
THF remaining in the resultant reaction mixture was re-

25 moved by distillation and, then, the reaction mixture



10% { & (
10% { & (
10% { & (
10% { & (
10% { & (
10% { & (

~-1 10%{& ()-- 10%{& ()-- 10%{& ()--)2FJ !

TTTTTTTZ] @\ {1 10%{& ()-- 10%{& ()-- 10%{& ()--

S2)?F 1 10%{& ()--TTTTTTT-\:i\: {1 10%{& ()--! 10%{& ()--

-2 10%{& ()--)?F)  10%{& ()--TTTTTTTzZ] @\:{!!1! 10%{& ()--

~- 10%{& ()-- 10%{& ()--)?FJ ! 10%{& ()--TTTTTTT~aDi\:{!!!
136

N N’ N N N N’

was separated into an octane phase (upper phase) and a
polymer phase (lower phase). The polymer phase was re-
covered, thereby obtaining approximately 10 kg of a
partially purified reaction mixture.
5 The obtained partially purified reaction mixture
had an oxytetramethylene glycol copolymer content of
49 %, an n-octane content of 49 %, a THF content of 1 %
and an NPG content of 1 %.
An oxytetramethylene glycol copolymer was purified
10 from the above-obtained reaction mixture by the one-
step purification method by using the purification sys-
tem shown in Fig. 4.
The partially purified reaction mixture obtained
above was placed in reaction mixture tank 16 and the
15 reaction mixture was fed from reaction mixture tank 16
to distillation column 26 at a flow rate of 4.4 ml/min
by using pump 24. A fresh THF was fed from fresh THF
tank 29 to heating means 31 at a flow rate of 8 ml/min
by using pump 30, and a gaseous THF heated to 120 °C
20 was fed to the bottom portion of distillation column 26.
The ratio of the NPG flow rate to the THF flow rate be-
came approximately 182. Distillation column 26 was
heated from the outside to maintain the temperature of
the inner vapor at 120 °C. The degree of vacuum inside

25 the distillation column was maintained at 450 Torr.
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The vapor withdrawn from the column top which was
mainly composed of THF was cooled by means of condens-
ing means 27, to thereby liquefy the vapor, and the
liquefied vapor was fed to raw material tank 28. The
5 high temperature liquid withdrawn from the bottom por-
tion of distillation column 26 had an oxytetramethylene
glycol copolymer content of 90 % or more. This liquid
as such was fed to centrifugal molecular distillation
apparatus 32 and THF contained therein was removed at
10 120 °C under 0.5 Torr, thereby obtaining a purified
oxytetramethylene glycol copolymer. The removed THF
was recovered in raw material tank 28 and the purified
oxytetramethylene glycol copolymer was recovered in
oxytetramethylene glycol copolymer tank 33. When the
15 conditions inside distillation column 26 became stable
and the column was filled with the copolymer, raw mate-
rial tank 28 was changed to raw material tank 28°' (not
shown) so as to collect a THF solution composed of
gaseous THF which was recovered under stable conditions.
20 The THF solution in raw material 28' (not shown)
which was recovered under stable conditions had an NPG
concentration of 0.5 % and an octane concentration of
18 %.
The purified oxytetramethylene glycol copolymer

25 recovered in oxytetramethylene glycol copolymer tank 33
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had an oxytetramethylene glycol copolymer content of
99 % or more, an NPG content of less than 80 ppm and an
n-octane content of less than 50 ppm. The number aver-
age molecular weight was 1800, the molecular weight
5 distribution was 1.78, the NPG copolymerization whole
ratio Ny, was 15.1 mol%, and the B value (represented by
formula (II)) was 0.00519. Further, the thermal sta-
bility of the oxytetramethylene glycol copolymer was
333 °C and the color index measured in accordance with
10 APHA was 10.

With respect to the above-mentioned analytical re-
sults of the purified oxytetramethylene glycol copoly-
mer, please note the following. Each of the NPG con-
tent and the n-octane content was determined by gas

15 chromatography and the determined value was lower than
the detection limit of the gas chromatography performed
under conditions mentioned above. The amount of the
residual THF in the purified oxytetramethylene glycol
copolymer was determined in terms of the low boiling

20 point components distilled off by heating the oxytetra-
methylene glycol copolymer at 80°C under 5 Torr for 30
minutes. The oxytetramethylene glycol copolymer con-
tent of a purified oxytetramethylene glycol copolymer
was determined by subtracting the total weight of THF,

25 NPG and n-octane contained in the purified oxytetra-
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methylene glycol copolymer from the weight of the puri-

fied oxytetramethylene glycol copolymer.

Example 13

(Production of an oxytetramethylene glycol copolymer by
using THF recovered in Example 12)

6 kg of THF solution in raw material tank 28°',
which was recovered in Example 12, was taken out and
the n-octane content thereof was lowered to 1 % or less
by distillation. Specifically, the THF solution was
fed to a continuous distillation column having a con-
densation zone (number of theoretical plates: 5) and a
recovery zone (number of theoretical plates: 5). A
mixture mainly composed of THF and n-octane was with-
drawn from the top of the continuous distillation col-
umn and a mixture of NPG and oligomers (NPG/oligomer
mixture) was withdrawn from the bottom of the continu-
ous distillation column. The continuous distillation
column had a column diameter of 5 cm and a column
height of 1 m, and the inner pressure of the distilla-
tion column was 830 mmHg and the reflux ratio at the
column top was 3. The NPG/oligomer mixture which was
withdrawn from the bottom of the distillation column
had an n-octane concentration of 1 % or less, and the

distillate withdrawn from the column top contained 81 %
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of THF, 19 % of n-octane and approximately 0.1 % of NPG.
The distillate was subjected to distillation in a
batchwise manner by using an Oldershaw distillation
column (number of theoretical plates: 10) under atmos-
5 pheric pressure with reflux ratio of 4, to thereby ob-
tain a THF solution having an n-octane content of
0.01 8. 4 kg of the thus obtained THF solution was
mixed with 60 g of the NPG/oligomer mixture withdrawn
from the bottom of the continuous distillation column.
10 To the resultant mixture were added NPG and phospho-
tungstic acid hexahydrate (HPA) in amounts such that
the NPG concentration and the HPA concentration of the
resultant mixture became 8.7 % and 1.9 %, respectively.
The resultant solution was used as a raw material lig-
15 uid. An oxytetramethylene glycol copolymer was pro-
duced in substantially the same manner as in Example 9
except that use was made of the above-mentioned raw ma-
terial liquid. Further, since the amount of the raw
material liquid was smaller than the amount used in Ex-
20 ample 9, the reaction was performed for only 15 hours
after the stabilization of the reaction conditions.
A reaction mixture was obtained in the above-
mentioned manner and 1.0 kg of the obtained reaction
mixture was purified in substantially the same manner

25 as in Example 3 to thereby obtain a purified oxytetra-
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methylene glycol copolymer.
The purified oxytetramethylene glycol copolymer
had an oxytetramethylene glycol copolymer content of
98 % or more, an NPG content of less than 80 ppm and an
5 n-octane content of less than 50 ppm. The number aver-
age molecular weight was 1790, the molecular weight
distribution was 1.77, the NPG copolymerization whole
ratio Ny was 16.0 mol%, and the B value (represented by
formula (II)) was 0.0516. Further, the thermal stabil-
10 ity of the oxytetramethylene glycol copolymer was
335 °C and the color index measured in accordance with
APHA was less than 10.
THF and a diol recovered by the stripping process
and the centrifugal molecular distillation can be recy-
15 cled without causing any adverse effects on the reac-
tion rate and the quality of the produced oxytetrame-

thylene glycol copolymer.

Example 14
20 (Purification of a copolymer produced using 1,6-
hexanediol as a diol)
A reaction mixture containing an oxytetramethylene
glycol copolymer was obtained in substantially the same
manner as in Example 9 except that NPG used in Example

25 9 was changed to an equivalent molar amount of 1,6-
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welght of n-octane and 1 % by weight of 1,6-hexanediol.

5 The above-obtained reaction mixture was purified
in substantially the same manner as in Example 10,
thereby obtaining a purified oxytetramethylene glycol
copolymer. Specifically. the purification was per-
formed in substantially the same manner as in Example

10 10 except that the flow rate of gaseous THF fed to the
bottom portion of distillation column 26 was changed so
that the flow rate of gaseous THF became 5.3 times the
amount of 1,6-hexanediol contained in the reaction mix-
ture (i.e., the ratio of the feeding rate of the reac-

15 tion mixture to the feeding rate of gaseous THF became
approximately 901). As a result, a purified oxytetra-
methylene glycol copolymer recovered in oxytetra-
methylene glycol copolymer tank 33 had an oxytetra-
methylene glycol copolymer content of 99 % or more, a

20 1,6-hexanediol content of less than 80 ppm and an
n-octane content of less than 50 ppm. The oxytetra-
methylene glycol copolymer had a number average molecu-
lar weight of 1700 and a 1,6-hexanediol copolymeriza-
tion whole ratio of 15 mol%.

25
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5 glycol copolymer was obtained in substantially the same
manner as in Example 9 except that NPG used in Example
9 was changed to an equivalent molar amount of 1,3-
propanediol. The obtained reaction mixture contained
55 % by weight of an oxytetramethylene glycol copolymer
10 composed of THF units and 1,3-propanediol units, 45 %
by weight of n-octane and 1 % by weight of 1,6-hexane-
diol.
The above-obtained reaction mixture was purified
in substantially the same manner as in Example 10. As
15 a result, the purified oxytetramethylene glycol copoly-
mer recovered in oxytetramethylene glycol copolymer
tank 33 had an oxytetramethylene glycol copolymer con-
tent of 99 % or more, a 1,3-propanediol content of less
than 80 ppm and an n-octane content of less than 50 ppm.
20 The oxytetramethylene glycol copolymer had a number av-
erage molecular weight of 1700 and a 1,3-propanediol

copolymerization whole ratio of 15 mol%.
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10%& () - molecular weight distribution and a specific neopentyl

glycol copolymerization ratio, exhibits low melting
point and low glass transition temperature. By virtue
of these improved properties, the oxytetramethylene

10 glycol copolymer of the present invention can be advan-
tageously used as a raw material for high quality mate-
rials, such as a polyurethane, a polyurethane urea and
a polyester, which have excellent low temperature prop-
erties.

15 Further, by the use of the method of the present
invention for purifying an oxytetramethylene glycol co-
polymer, it has become possible to not only purify the
copolymer without causing the clogging of a condensa-
tion tube and a conduit by the solidification of the

20 diol, but also recover a recyclable diol.
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10%&’()AhCLL§¥é%%gmeth§§£&éwga§gél ééﬁ%(?%égf obtained by
copolymerizing tetrahydrofuran and neopentyl glycol,
having the following characteristics (1) to (4):

(1) a number average molecular weight Mn of from
800 to 5000;

(2) a characteristic wherein the weight average
molecular weight Mw and the number average molecular
weight Mn satisfy either the following (i) or the fol-
lowing (ii):

(i) a molecular weight distribution of 1.8 or
less in terms of the Mw/Mn ratio, or

(ii) a molecular weight distribution of more
than 1.8 in terms of the Mw/Mn ratio, wherein Mw
and Mn satisfy the relationship defined by the

following formula (I):

10*? x (Mw/Mn - 1.8)°"%°

=< 1.100 (I);
exp (Mn x 1.2/100)

(3) a neopentyl glycol copolymerization whole ra-
tio Ny of from 6 to 30 mol%, wherein said neopentyl
glycol copolymerization whole ratio N,, is defined as
the molar percentage of the amount of neopentyl glycol

monomer units present in the whole oxytetramethylene
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the tetrahydrofuran’ monomer units a the nedpentyl
glycol units in said whole oxytetramethylene glycol co-
polymer; and
5 (4) a characteristic wherein the number average
molecular weight Mn, the neopentyl glycol copolymeriza-
tion whole ratio N, (mol%) of the oxytetramethylene
glycol copolymer, and the neopentyl glycol copolymeri-
zation partial ratio Ny (mol%) of a high molecular
10 weight-side 15 wt% fraction of said oxytetramethylene

glycol copolymer satisfy the relationship defined by

the following formula (II):

0.3

Np / Ny 't 7/ Mn®?® < 0.0560 (I1),

15

wherein Ny is defined as the molar percentage
of the amount of neopentyl glycol monomer
units present in said high molecular weight-
side 15 wt% fraction, based on the total molar
20 amount of the tetrahydrofuran monomer units
and the neopentyl glycol units in said high
molecular weight-side 15 wt% fraction,
wherein said high molecular weight-side 15 wt% fraction
is a fraction of said oxytetramethylene glycol copoly-
25 mer, which fraction corresponds to the area of a part

of a whole peak representing the molecular weight dis-
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in said whole peak and wherein the area of said part of
the whole peak is 15 %, based on the area of said whole

peak.

10 2. A method for producing the oxytetramethylene gly-

col copolymer of claim 1, which comprises:

subjecting tetrahydrofuran and neopentyl glycol to
a copolymerization reaction in the presence of a heter-
opolyacid catalyst,

15 said copolymerization reaction being continuously
performed in the presence of water in a continuous co-
polymerization reactor while continuously feeding tet-
rahydrofuran and neopentyl glycol to the continuous co-
polymerization reactor and while continuously removing

20 water which is by-produced in the copolymerization re-
action so that the amount of water is adjusted to a
level wherein a two-phase reaction system is formed
which comprises an organic phase comprising a solution
of neopentyl glycol in tetrahydrofuran and having a

25 neopentyl glycol concentration of from 0.05 to 3.5
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109&' () - weight %, based on the weight of the organic phase, and
a tetrahydrofuran/aqueous heteropolyacid phase compris-
ing a solution of an agqueous heteropolyacid catalyst in
tetrahydrofuran and having a specific gravity of from
5 1.8 to 2.3,
wherein said continuous copolymerization reaction
is continued while maintaining said two-phase reaction
system, to thereby form a copolymerization reaction
mixture comprising a reaction-formed organic phase con-
10 taining a oxytetramethylene glycol copolymer having a
number average molecular weight of from 800 to 5000 and
a reaction-formed tetrahydrofuran/aqueous heteropolya-
cid phase;
separating said reaction-formed organic phase con-
15 taining said oxytetramethylene glycol copolymer from
said copolymerization reaction mixture; and
separating and purifying said oxytetramethylene
glycol copolymer from said reaction-formed organic
phase.
20
3. The method according to claim 2, wherein said tet-

rahydrofuran/aqueous heteropolyacid phase has a spe-

cific gravity of from 1.9 to 2.3.

25 4. A method for purifying an oxytetramethylene glycol
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oxytetramethylene glycol copolymer and the unreacted
diol, which comprises subjecting said reaction mixture
to continuous distillation in the presence of fresh
tetrahydrofuran at a temperature of from 80 to 160 °C
15 under a pressure of from 5 to 760 Torr, said fresh

tetrahydrofuran being added in an amount which is not
less than the weight of said unreacted diol contained
in said reaction mixture, to thereby distil off said
unreacted diol from said reaction mixture together with

20 said added tetrahydrofuran.
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5. The method according to claim 4, wherein said re-
action mixture further comprises a saturated hydrocar-

bon having 6 to 10 carbon atoms.

6. The method according to claim 5, wherein said
saturated hydrocarbon is distilled off from said reac-
tion mixture together with said unreacted diol and said

added tetrahydrofuran.

7. The method according to claim 5, wherein said
method further comprises, before distilling off said
unreacted diol, distilling off said saturated hydrocar-
bon from said reaction mixture by distillation at a
temperature of from 70 to 160 °C under a pressure of

from 1 to 450 Torr.

8. The method according to any one of claims 4 to 7,

wherein said diol is neopentyl glycol.



