25 June 2005 1 TITLE OF THE | NVENTI ON CthetranethylEnﬁ gléﬁﬁé copol ymer
and nethod for producing the sane 5 BACKGROUND COF T Field of

the Invention The present invention relates to an oxytetra- methyl ene
gl ycol copolyner and a nethod for producing the sanme. More particul arly,
the present invention is 10 concerned w th an oxytetranethyl ene glyco
copol yner obtai ned by copol yneri zi ng tetrahydrofuran and neopen- tyl

gl ycol, wherein the oxytetraneth¥lene | ycol _co- polymer has a specific
nunber average mol ecul ar meightE_Egﬁsﬁgcﬁﬁﬁclﬂﬁﬁﬂﬁﬂgﬁr wei ght distribution
and a specific 15 neopentyl glycol copolynerization ratiqQ. The present
invention is also c§ﬁ§§F%é&m%Fﬁﬁgﬁnﬁe€H3§°ﬂoF°§P&@U@Fn&ndsuch an

oxyt et ranet hyl ene ¢l | .copol yner.. The oxy- tetranethyl ene glycol

copol ynmer of the pr@égﬁPdi%EEnErPPBﬁlBQh%BFt§amﬁproved | ow t enper at ur e
properties due, 20 for exanple, to low nelting point and | ow gl ass transi -
tion tenperature. By virtue of these inproved proper-.ties, the

oxyt et ranet hyl ene gl ycol cop t e i ntion can be
advantageously used as a ramgéégg 26 i ber and the I|ike.
Further, 25 thgigigsggtthnvggtion.is concerned with a nethod for 25 June
2005 2 purifyi e glycol copolynmer, ob- tained by

copol ynmeri zing tetr d i.ol _b the nmet hod_o he present
SO0l YITer i 2N v P RANCLOLLLRP 2RdeRedb]! rBYarbleBPhR 8k RS

methylene glycol copolymer and a method for producing

the same. More particularly, the present invention is
10 concerned with an oxytetramethylene glycol copolymer
obtained by copolymerizing tetrahydrofuran and neopen-
tyl glycol, wherein the oxytetramethylene glycol co-
polymer has a specific number average molecular weight,
a specific molecular weight distribution and a specific
15 neopentyl glycol copolymerization ratio. The present
invention is also concerned with a method for producing
such an oxytetramethylene glycol copolymer. The oxy-
tetramethylene glycol copolymer of the present inven-
tion exhibits improved low temperature properties due,
20 for example, to low melting point and low glass transi-
tion temperature. By virtue of these improved proper-
ties, the oxytetramethylene glycol copolymer of the
present invention can be advantageously used as a raw
material for an elastic fiber and the like. Further,

25 the present invention is concerned with a method for




met hod, from a copol ynerization reaction m xture cogkggghgigégan

oxyt et ranet hyl ene gl ycol copolyner and an unreacte e ein the
unreacted diol is distilled off in the presence of fresh tetrahydrofuran.
By the wuse of the purification nmethod of the present invention, it
beconmes possible to not only purify the cgpolymer 10 without causing the

cl oggi ng of a condensation tube and a conduit by the solidification of the
diol, but also recover a recyclable diol. Prior Art 15 Recently, an

oxyt et r amet hy| PHELI§V§BE| agopBY AEFangbhilARE BYYEBHOFPRRLYPLRg OD-

t et rahydr of ur an gTHF) and a _diol (such as neopentyl glycol) and_an

oxyt et r anet hy| ta¢pedgbycerrespBeyieingptatrehysyotapanyaadi 2i Ag§°eFHEY and
3-net hyl t et rahydr of ur an_have been drawi ng attention. 20 An ]
oxytetranethylgﬁé geveef efpbhonBrengBtalnvaRELAR| T PRY BORWERTRIAZAN

oxyt et ranet hyl ene glycol honopol yner (that is, polyoxytetranethyl ene

gl ycol (PTN(3)?eéhﬁdanfr%maétFEPBFBHGE%ZBFBEBCEEaEEXHB Eﬁx5?§?e?¥ﬁﬁethylene

gl ycol copolynmer as a raw materi al exhibits remarkably_ 25 inprqved
el ongat Pon, hyEFE?%E?saPo%%YEﬁHrFBﬁFPEﬁﬁE?ag%gcgﬁh%oEéégmgrpg? PPoperti es,

as conpared to those of an elastic . product produced_using PIMG as.a.raw
Tatorinn For eareansre, AloT, FhareiRi Ehe baPeartra ALeLpgrntiohiLfiden.

| st ant hneous. EFRetPeEPacRTEPyRoBUPY st bRy L L RARGEOF BESRT adt] (1Y bor
Mnotantane. ocBoE) S6) FeTBEETE HhRP RN P LRSR, P ORhEEBrS SERL " LhReRELon-
it becomes possible to not only purify the copolymer
10 without causing the élogging of a condensation tube and
a conduit by the solidification of the diol, but also

recover a recyclable diol.

Prior Art

15 : Recently, an oxytetramethylene glycol copolymer
obtained by copolymerizing tetrahydrofuran (THF) and a
diol (such as neopentyl glycol) and an oxytetramethyl-
ene glycol copolymer obtained by copolymerizing THF and
3-methyltetrahydrofuran have been drawing attention.

20 An oxytetramethylene glycol copolfmer has a lower melt-
ing point than an oxytetramethylene glycol homopolymer
(that is, polyoxytetramethylene glycol (PTMG)), and an
elastic product produced using an oxytetramethylene
glycol copolymer as a raw material exhibits remarkably

25 improved elongation, hysteresis loss and low tempera-




observed at roomtenperature. 10 An oxytetranet hyl en«i g: écol2 %ool ynmer can
be eas- ily synthesized by using a heteropol yacid as Y&t i zati on
catal yst. For exanple, each of Unexam ned Japanese Patent Application

Lai d- Open Specification No. Sho 60-203633 (correspondi ng to European
Patent Publi 15 cation No. 158, 229B), Unexam ned Japanese Patent Appli -
cation Lai d-Open Specification No. Sho 61-120830 (cor- responding to

Eur opean Patent Publication No. 158,229B) and Unexam ned Japanese Patent
Appl i cation Lait®rSp@rorsyddies cag aremrprethd ¢ Ithess30F din ctassian
oxytetra 20 net hyl ene gl ycol copol yner obtained by copolynerizing a diol
and THE i n t he BFossic @rsrduraibtusigish REMG iy i &fav thafenidht c gis @xmanner
or a continuous manner. In the technique of each of the above-nentioned
patent docu- nméfPde.didfl ardieamaradune el Joraatias RORNS + e ROV ETE
etraet hyl ene gl ycol copolyner chains, mainly as a ter 25 June 2005 4
minator for thé&HoFn@daursthansolunts iedastée Fibri progugad srsindost of
t he di ol nol ecul es which are incor- porated into the polyner chains are
present “at t he FEEC exhihidsoma Hasisniaefisla i MRCFAsiagdHi & co 5
pol ymeri zation ratio i.s approxi mately one nolecule. According to the
reacti on nodes Pqi §8F8§Z’@I’i%% SIS idhitedh SF9itcat Wodhetht £X%he

aver age nunber _of di ol | ecul.es that can be incorporated into a copolyner

mol ecul e (that PETBGEPY, 6 SFLYCCHoCPRANYRET SEV R o IS It el v
L oL eoul € a0l UL Syt U 0 b NS B AP er
observed at room temperature. '

10 An oxytetramethylene glycol copolymer can be eas-
ily synthesized by using a heteropolyacid as a poly-
merization catalyst. For example, each of Unexamined
Japanese Patent Application Laid-Open Specification No.

Sho 60-203633 (corresponding to European Patent Publi-

15 cation No. 158,229B), Unexamined Japanese Patent Appli-
cation Laid-Open Specification No. Sho 61-120830 (cor-
responding to European Patent Publication No. 158,229B)
and Unexamined Japanese Patent Application Laid-Open
Specification No. Sho 61-123630 discloses an oxytetra-

20 methylene glycol copolymer obtained by copolymerizing a
diol and THF in the presence of a heteropolyacid in ei-
ther a batchwise manner or a continuous manner. In the
technigque of each of the above-mentioned patent docu-
ments, diol molecules are incorporated, into the oxy-

25 etraethylene glycol copolymer chains, mainly as a ter-




addition, in the above-nentioned patent docunents, rE-ignxagqﬂﬁvwner

during the copol ynerization reaction is 15 di scl osed for

i ncreasing the copolyneriza- tion ratio of a diol (specifically, to achieve
a co- polynerization ratio as high as approximately 10 to 35 noles). In-
this method, when a water renoval step isg4 conducted in addition to the
standard copol yneri zation 20 step, there is a limtation that the nunber of
wat er nol ecul es coordi nated to a heteropol yacid used as the

pol yneri zat i onmdaedioys f om dhepd iivid nigh eatdegd copolymerigatiog pF THIpecial |y
when a copol ynerization reaction is conducted using a heteropolyacid
havi ng a wat er Tderesogedi mesitoetnihigedigd modiecades wairhk amge 1nEA on
rate 25 June 2005 5 becones markedly | owered. As a consequence, the tine

of pol yneri zat PeFaedofpsoydhe POAFMENd ChALy SaRrEx Pres Rt FHAcet€Tgl ycol
copol ymer having a_broad nol ecu- |ar weight distribution can be produced
usi ng  such a 5™i8AdSopdl FRE BoLXFesk phedngnangdy thge ayeyede &3pd Feer
having a broad il ecul ar wei ght distribution has a problemin _that the

gl ass trPansiti BR1YBApeEatdre ratin 4. approfépatedykPRG BRAPELS -of

Unexam ned Japanese _ 10 Patent Application Laid-Open Specification Nos. He
6 87951, Hei 9AS§PTAIngHip thegFeertipg medes7disclpged 18 §he13PRYE t he

| i ke di sclose nmethqods for incorporat- ing 1.to 5 noles of neop n%yl gl ycol
(NPG into 1 nBEBIiLUEE BRLER T LPCUMERIS: h¥PENEVEFRE6 n(’:‘B'B&Iryﬁgr. 18je 15
cifically, each ﬁf t hese Eféent docunents dis Igsgsta met hod_whi ch
conprises pol yWer-EZi§SNEE2AnGoPHRS APFREPOrated 1nto a copolymer

molecule (that is, average diol copolymerization ratio)
10 is approximately 1 molecule and, thus, there is a.limi—
tation in the melting point-lowering effect of the co-
polymerization of a diol {(copolymerization effect). In
addition, in the above-mentioned patent documents, re-
moval of water during the copolymerization reaction i§
15 disclosed as a method for increasing the copolymeriza-
tion ratio of a diol (specifically, to achieve a co-
polymerization ratio as high as approximately 10 to 35
moles). In this method, when a water removal step is
conducted in addition to the standard copolymerization
20 step, there is a limitation that the number of water
molecules coordinated to a heteropolyacid used as the
polymerization catalyst must be in the range of from
0.1 to 15. Especially when a copolymerization reaction
is conducted using a heteropolyacid having a water co-

25 ordination number as high as 6 to 15, the reaction rate




presence of a heteropolyacid catalyst in a batchw se 5 nner,., erein the
pol yneri zation reaction is per- formed while renovin duced wat er
fromthe 20 reaction systemby distillation. In a batchw se reac- tion

even when the NPG concentration is high at the initial stage of the
reaction, the NPG concentration of the reaction system becones markedly

| onered at the fi- nal stage of the polynerization reaction. Therefore, 25
| ow nol ecul ar wei gh copol yners havi ng hi gh NPG copoly 25 June 2005 6
merization rat P§CRMES| MREKPALY Bevwpreducedisat coRSeaRenee gl theatdmef the
pol ymeri zation reaction. The thus produced | ow nol ecul ar wei ght copol yners
havi ng high NP& BB&BW?H%FPE&PPoHepaﬁﬁﬁ ¥PEY| iLRagy apd pPBLymeRn 2&Yand 5

mature into hi h nmol ecul ar wei ht copol yners, thereby rodu0|n a high
nol ecul ar wei g F EBBSFgW%F“ﬁaG ¥go4 °PEP&FW9€I93HF§H éoBBP?ﬁeWP &CYon

ratio. Due to g genae of such a high nol ecul ar wei ght copol yner hav-
ing a high cop P§n§ £i ﬁSFQFPBthHeCSPa?§ pPrafsrefonsingt ENFEr & ure of

t he copglyners g gl caused to  becone hlgh t hereby rendering it
difficuPt to pPBEHERPO ﬁ38}§t et BEHYR Eramet BLene sHbY Sk rCoRRL YeR | ow
gl ass transitign tenper d above, an oxitetranethylene

tur
glycol 15 copdfyik? ?s gu@éﬁeﬁyf?ﬁewﬁbﬁﬁFyﬂé?Ff&PPB O°RehEfi Bn of THE
and a diol in resenc het ro aci d ri zation
cat al yst . Seveépgbﬁundr %%1?% 3% a# BBF&EﬁPnog ﬁﬂeﬁgfﬁﬁeté& di ol
usual l'y remai ng t he reactlon m xture obtained after the copolyneriza 20
tion reaction, a%g when an el astic product (e.g., an

Further, working examples of Unexamined Japanese

10 Patent Application Laid-Open Specification Nos. Hei 6-
87951, Hei 9-291147, Hei 10-87811, Hei 10-87812, Hei
10-87813 and the like disclose methods for incorporat-
ing 1 to 5 moles of neopentyl glycol (NPG) into 1 mole-
cule of an oxytetramethylene glycol copolymer. Spe-

is5 cifically, each of these patent documents discloses_a
method which comprises polymerizing NPG and THF in the
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-




el astic fiber, such as urethane urea) is produced using an

oxyt et ranet hyl ene gl ycol copol yner containing resid- u ed 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 25 June 2005 7 segnent. For solving ®his problem it was attenpted to

performthe copol ynerization reaction under conditions which enable a

conpl ete consunption of the diol or, al- ternatively, to renove unreacted

diol fromthe @Gﬁéﬁ?tQQWﬂﬁatéﬁhﬁéen#ﬂ&eﬂﬁetenpéa@FééuGPGIatFGPeaéﬁFGV|ng

t he conpl ete cgn%ﬁ nption of the digl during the co olynerlzatlon reacti on,
0

it is necessar steFguet e QSﬁQW?ﬁéFPE&PPoHeP€§éPPOn The at g chwi se
manner at a h;gh reactlgg tenmperature while renoving 10 t he by-produced
condensat i on wWREBPYCREr 8&PFh531955c998ﬁl§?§F§nP§818§ Pd9Bhift the

reaction equil en t e .residual anount_of the unreacted diol_ is

oo oroa iyt HPE Flonadmen tatdonn sat100a RamL LKGYY; 26 BPOTRSFige: Pofls

h lib t f .t f t he di II
From thé produnadir §xw%p?bﬁ@khg%i%%épycw%8%5%99%&%3;% .\ EREFSBY0 occur
due to the actlgn of .heat thu ﬁding to an ggcurre L di,scol orati on
of and IomerlnS SRUFAR Y, Fa PP 8? Fhe anV?é? nEPRY str 936P9c8polyner
I ddi t t h | ble t b t t d,
thue b vont | ShLataEdey ?ﬂﬁhi%;% oivARBLRSEIRE HRsEor BOERe R ey g T ow
gl ass ransitighoLefer RULGCAD nigh Hslecssz'ggeae%fth 8pBELRGE. nag-ot her

nmet hods for ving a
ing a high copolymerization ratio, the glass transition

10 temperature of the copolymers as a whole is caused to
become high, thereby rendering it difficult to produce
an oxytetramethylene glycol copolymer having a low
glass transition temperature.

As mentioned above, an oxytetramethylene glycol

15 copolymer is produced by the copolymerization reaction
of THF and a diol in the presence of a heteropolyacid
as a polymerization catalyst. Several hundred ppm to
several percent of an 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



25 pol ynmer containing an unreacted diol, there can be men 25 June 2005 8
tioned a nethod in which a diol is selectively adsor S ved by
means of an adsorbent (Unexam ned Japa- nese Patent Application Laid-Open
Specification No. Hei 9-291147), a nethod in which a diol is renpved by ex
5 traction (Unexam ned Japanese Patent Application Laid- Open Specification
No. Hei 10-87813) and a nethod in which a diol is renoved by vacuum
distillation (Unexam ined Japanese Patent Apgllcatlon Lai d- Open Speci fi ca-

tion No. Hei 1S§372Rt-cofPEsPBAULRG tBisupbpebemPattnvagoatpenptedation No.
305,853B)). In the nethod in which a diol is removed by neans of an

adsor bent, t hePEFSOFB ther Sppedmestizating Beagiktionhpsdgr conditdons
dependi ng on thg,té pe of .the adsorb- ent used, the type and anount of the
diol being ad Y&iShr 6BAP1ENE CREPLELe CPRELEPSiED e thppdigdd oao@dt  of
t he adsorbent nust be changed in accordance with the change in the

condi ti ons eon8§88tFBPl§PO&GCFE&OXF gryeactedafiepy Feqm &%@c@PP@dﬁblyner.
In add|§|on not onlx he unreacted diol, but also a |arge anount of |ow
no 20 | Ecul ar WEFgFP 5?§PéPPaFQFhVP€ﬁ80§P9cGFO&opoIyners is adsorbed on

t he adsorbent, and ghe lﬁés of, th% | ecul ar melght oxyt et ranet hyl ene
gl ycol copolyners b %eVéP hﬁuF?ﬂB}et?oFo?ﬁEVEF RY Phethgsdinéd

unre- acted d| the t be de £9r rbed fromthe, adsorb 25 ent by using
a sol vent, suc ping ﬁoPﬂ ¥m8§§§a tRB Egaﬁgﬁ8n206§ 4SJBEGPSFREY ratio

al so varies deESngbﬂguBQ EHS EXBgl?mgrlzation reaction in a batchwise

manner at a high reaction temperature while removing

10 the by-produced condensation water thoroughly from the
reaction system so as to shift the reaction eguilibrium.
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-



amount of the diol adsorbed on the adsorbent, and the un t he

sol vent necessary for desorption varies drasticalIy.gggﬁgg%égﬁétion of the
adsorbed I ow no 5 | ecul ar wei ght oxytetranet hyl ene gl ycol copolyners is

al so acconpani ed by the drastic variation in the ampunt of the desorbed

| ow nol ecul ar wei ght oxytetranethyl ene gl gcol copolyners. After the
desorption of the | ow no- |ecul ar wei ght oxytetranethyl ene gl ycol

copol yners by a_10 sqQlvent, such as THF, an _additional step_ is necessary
for deternini ngt%ﬂﬁegneuﬂﬁta?dt ke MBhChoReBiPAr 1Repghect SXGLEL R&FRERYI ene
gl ycol copolyners contained in the desorbate and specifically adjusting
the copol ymer coh®RcERTPYEE ohytﬂﬁﬁﬁﬁfOEePBrédﬁthﬁn h UH%%G?%%ﬁdI WPRD 15

nas sover al pr B Bt TR hokPbhioAR PRaEERTaboR, SeectiTpat Lharoy et
[ ancthyl onc. o1 9250 E0bI yRaPSCaPE RROURED Botbhb For Eomovei Py BT when

coporyner do- o SasEROA\onetRpiRR 708anRee iat R dne Rt SEtoR 1elF. " Vo
Speci 11 vat 1 on 1R P e ERAE R R RE, POOLs (8P it & VR adt n whi o
Sxirac- 1ion ngor vt oy Vi rARaRE My bRl Mol LR A, "

?BOLCLE}?&LQLQES@%‘% h.g%@:?@ééf Bltehf AP 1Rati N 1L PVYIR spOSFe {Sal 1 kel
tion No. Hei 1-92221 (corresponding to European Patent

10 Specification No. 305,853B)}).

In the method in which a diol is removed by means
of an adsorbent, the adsorbing removal ratio and break-
through time vary depending on the type of the adsorb-
ent used, the type and amount of the diol being ad-

15 sorbed, and the like. Therefore, the type and amount
of the adsorbent must be changed in accordance with the
change in the conditions employed for producing an oxy-
tetramethylene glycol copolymer. In addition, not only
the unreacted diol, but also a large amount of low mo-

20 lecular weight oxytetramethylene glycol copolymers is
adsorbed on the adsorbent, and the loss of the low mo-
1eqular weight oxytetramethylene glycol copolymers be-

comes large. Further, for recycling the adsorbed unre-

acted diol, the diol must be desorbed from the adsorb-

25 ent by using a solvent, such as THF. In this case, the




tetramet hyl ene gl ycol copol yner occurs sinultaneousl Wi t 0
extraction-renoval of a diol. In this nethod, by uéﬁ%&ggﬁgié¥§raction
agent in a |large anmount, the amount of the residual diol in the

oxyt etranet hyl ene 10 gl ycol copol yner can be reduced to a | evel which is
not nore than a predeterm ned val ue, but9the polynmer |oss acconpanying

the extraction becones increased. For re- cycling the diol extracted by

t hi s net hod, ter used as fhe extractjon ent _ ymust be renoved b
di'stillation GESOEPLIGERELOC BESD aT1es FERENI AL RO e Bilivan-

el G SR ALY A i o o
e e e
ot CoNL LB 54008 B DR 1
L R B R U, AR 14"
e ey
L5110 BN AL i SRRt
condui t_and otgigeo CUMANRAMSL NI 25 e Ased ot o BV iktie ol fo-2 vac-

uum punp. Therefore, this method I's substantially in- applicable to a
process in Whixef1 £f Gle i gh € Wl #EARM S St hylene glycol copolymers by a

10 solvent, such as THF, an additional step is necessary
for determining the amount of the low molecular weight
oxytetramethylene glycol copolymers contained in the
desorbate and specifically adjusting the copolymer con-
centration thereof before using the desorbed low mo-

15 lecular weight oxytetramethylene glycol copolymers.
Therefore, this method has several problems for use in
an industrial process. Further, the problems accompa-
nying the desorption of the low molecular weight oxy-
tramethylene glycol copolymers are known to become more

20 difficult when the amount of the residual diol con-
tained in the oxytetramethylene glycol copolymer gde-
creases.

With respect to a method in which a diol is re-
moved by extraction, Unexamined Japanese Patent Appli-

25 cation Laid-Open Specification No. Hei 10-87813 dis-



10 distilled off. SUMMARY OF THE INVENTION In this situation, the present

I nventors have nade intensive and extensive studiesgﬁéﬂﬂﬂ%ggggping a novel
15 oxytetranet hyl ene gl ycol copol ynmer having excellent |ow tenperature
properties. As a result, it has been found that, when an oxytetranethyl ene
gl ycol copol ynmer pro- duced by copolynerilZtng THE and NPGis a rel atively

| ow nol ecul ar wei ght copol yner having a nol ecul ar wei ght of 20 2000 or

| ess, the gl ass transitiogﬁ%g erat ure becones. mninum at an NPG

copol yneri zati on°7&ti d BF r 6%i YRighefydipl ndhft eXLRachhen-Femoved
oxyt et r anmet hylri{\terhq{]/%/ﬁol ﬁﬁ)ol ,rré:m%?d cet_(o}l}é s@?%{rﬁj#i \2/1‘%1% hi ghatqr:m e?:ul ar
I ght I a a e ; e ass
rfggsitfgﬁotg erature gefo ) gini n12§ June_ 2005 12 at, an NPG °
copol ymeri zati on t at9%" of %gﬁ%Fxbﬁ?g¥%§s.3p?ﬂ$%n9iﬂﬂi ei PP e84 hat, even
ith tt --tain, tet t hyl I I I i t he
same | avorage WUEEI % SePiRl L EREAGY E nEnd SR PRRE, R adat
t et t hyl.e; I I s LT 1he NPG | y- i zati ti f
The. copol yror Shan e 1RO BEER  FEBE 1 HEF LT B BB PR U L4896 e ar
ight of th ' it d b ible t bt ai
oxyLet ramet hyl e g ey oG WWBkcol | adRULImGE SPEH S S TLERi S E ur e
properties dug,;for t [ . poi nt._and .l o ransition
Qri 1P BNAUPL For | Lerh QWG ITE6E 1 41034 BRI N1 AN OWARARE by

tenperature which prop- erties have never been reallze e drt.

Further, | the (yasenind e aLe davgadoung, talat fe QeL! dendet hy! ene

gl ycol copol ymer the present 1 nvention c
amount of the residual diocl in the oxytetramethylene

10 glycol copolymer can be reduced to a level which is not
more than a predetermined value, but the polymer loss
accompanying the extraction becomes increased. For re-
cycling the diol extracted by this method, water used
as the extraction agent must be removed by distillation.

15 As a result, the purification process becomes disadvan-
tageously complicated for a commercial scale production
of an oxytetramethylene glycol copolymer.

Unexamined Japanese Patent Application Laid-Open
Specification No. Hei 1-92221 discloses a method for

20 removing a diol by vacuum distillation. Specifically,
a diol is removed under conditions wherein the pressure
is not more than 0.3 mbar, and the temperature is 200
to 260 °C. Under such distillation conditions, an oxy-
tetramethylene glycol copolymer becomes deteriofated.

25 Further, since this method is a method for separating



15 be easily produced by subjecting tetrahydrofuran agg neog&séyl gl ycol
to a copolynerization reaction in the presence of a cid

catal yst, while continu- ously renoving fromthe reaction system water
which is by-produced in the copol ynerization reaction so that 20 the
amount of water is adjusted to a |level wh&lein a two-phase.reaction system
is formed which conprises an organic phase conprising a solution of

Cont rat ) onof PS5 s e € iotonsia o HOREL e fihe e

et or opol yact A R AR 138 Fhihsh o MR SR aci d
25 In addi trsa g AL, f¥h, MRSt RTE i) el A e
oxyt ot ramet hyl SRR Eb LS Ad R AT AR e RecBinkls ea TR Wrcence
of afr & h t etilh%h )fﬂ]reOfslﬁb%{éﬁ#‘%rn?th ?:{o%@.é.ggﬁg)?o%te% sath%%(rt)eib% ctﬁ%ﬁ[% igxry%y the

.
tetranet hyl ene glycol copo possi‘ble ypurify

the copol ymer wbBglinet itSIanGdn/dRdatdondiidell 23 LRAAARS AL hithe and a
i di Fthe 3iol, But a recy-

conduit by the so- fication o al’'so to recover

clable diol. Thempbaests WRYSR a2 %ﬁ%PB%%p qﬂﬁmh%t%gninaigf%fOQ

above-mentioned findings. 15 According t 1's an object the_%%%gent
inven- tion touRmOpLE®.anTRE¥EELFATELRYL CRELtRLICOL SQROLYRR 1YY §h-

exhibits inproved [ow tenmperature properties due, for exanple,"to |ow
mel ting point ap@lhiewbdleass & pRdcess in which a diol is continuocusly

10 distilled off.

SUMMARY OF THE INVENTION

In this situation, the present inventors have made
intensive and extensive studies for developing a novel
15 oxytetramethylene glycol copolymer having excellent low
temperature properties. As a result, it has been found
that, when an oxytetramethylene glycol copolymer ﬁro-
duced by copolymerizing THF and NPG is a relatively low
molecular weight copolymer having a molecular weight of
20 2000 or less, the glass transition temperature becomes
minimum at an NPG copolymerization ratio of approxi-
mately 10 mol%, and when the oxytetramethylene glycol
copolymer produced is a relatively high molecular
weight copolymer having a molecular weight of more than

25 2000, the glass transition temperature becomes minimum




tion tenperature. 20 It is another object of the pre t i lon to
provi de a nethod for producing the above-nenti oned éggbﬁgﬁgéﬁ@éhylene
gl ycol copolynmer which exhibits im proved | ow tenperature properties. It
is still another object of the present inven- 25 tion to provide a nethod

for effectively separating and 25 June 20@5 14 purifying an
oxyt etranet hyl ene glycol copolynmer froma mxture containing an

the. ol ogging. 3t F ARG A it Ll © B h @S AT i ca 5
ot e (s BSOS LSS W 0 e
o oot RS e S e e S SR A ke,
ggr -Ir;eHzEt Pgﬁ\/\(': E%egr%%gfb a]%%ﬁa{lﬁé&e&% etarjsa:gfﬁlogg )g(ﬁa%’k’l%eg{)tﬁgq . l r of the
e ens o e A8 LR W LA s LSRR AT 0 1
e o, L B R A A Sl 5 0 O
cally adjusted depending on the molecular weight of the
certain copolymer, it would be possible to obtain an
oxytetramethylene glycol copolymer having excellent low
10 temperature properties due, for example, to low melting
point and low glass transition temperature which prop-
erties have never been realized in the art. Further,
the present inventors have found that the oxytetra-
methylene glycol copolymer of the present invention can
15 be easily produced by subjecting tetrahydrofuran and
necpentyl glycol to a copolymerization reaction in the
presence of a heteropolyacid catalyst, while continu-
ously removing from the reaction system water which is
by-produced in the copolymerization reaction so that
20 the amount of water is adjusted to a level whexein 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/




tion shows the high nolecul ar weight-side 15 wt% frac-_tion he

oxyt et ranet hyl ene gl ycol copolynmer, which fraction Mto the area
of a part of a whole peak representing the nolecular weight distribution,
wherein the part is taken on the side of the high no 25 June 2005 15

| ecul ar wei ght including the maxi num nol ee¢al ar weight 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 di agram show n% aonf exanpl e

of the conti nuABIGHIH R T IFPRY T 4 SRR SO re BT RI Mg a tFRtutio

oxytetranet hyl ene gl ycol copol yner. of the present invention; Fig. 3 is a
schemati ¢ di agraé?naéﬁ@vﬁ/ﬁ"ffg helrTRRpoIRacith CHA Y of jc%et%ﬁﬁﬁqyrﬁﬁﬂfs‘%‘bduct i on

system used for - ducing the oxytetranet hyl ene gl ycol copolyner of the
present invent iad'ﬁi[ qﬁ‘b’:nsh SSRf qaé”cﬁYad?%rﬁ%‘%Bv&Tﬁg th mpt& of the
continuous purifjecation systemfor performn 15 the one-ste urjification
method whi ch | AALHGTy ThE FHSTERS LSRG AR R ShEE dhopol yrrer
of the resent .invention; and Fig. 5.is._a sc i ¢ di_,agram show n

oot her Bx. " amiiehah ik o, oo dr Fetalomts pae RBr SpeASd%or mi ng

the two-step pur.fication method which is . used for. purifying the
oxyt et ranet hyl é"ﬁ‘é‘tg"}]i?cocforb%?&%ranofoxyttﬁé:rpﬁﬂées%ﬁfleﬁh%&%co ) q?é’soclryf'pt I on

of Reference Nyneral s, 23, jﬂnr2e8a{ctfead’vdr}.%tlerj]naltl;.[ear]pkresence of a fresh

tetrahydrofuran to thereby separate and purify the oxy-
tetramethylene glycol copolymer, it becomes possible to

10 not only purify the copolymer without causing the clog-
ging of a condensation tube and a conduit by the so-
lidification of the diol, but also to recover a recy-
clable diol. The present invention has been completed,
based on the above-mentioned findings.

;5 : Accordingly, it is an object of the present inven-
tion to provide an oxytetramethylene glyccl copolymer
which exhibits improved low temperature properties due,
for example, to low melting point and low glass transi-
tion temperature.

20 It is another object of the present invention to
provide a method for producing the above-mentioned
oxytetramethylene glycol copolymer which exhibits im-
proved low temperature properties.

It is still another object of the present inven-

25 tion to provide a method for effectively separating and



25 June 2005 16 5 2: reactor 3: catalyst separation veggsh,;ﬁgéifrigerator

5. organi c phase receiving vessel 6: THE tank 7, 21,

8: THE/ water receiving tank 9: THE/ water storage tank 10-12, 14-15, 17,

I Ng neans

24-25, 30, 34: punp 10 13: evaporation vessel 16: reaction m xture tank

18: m xer

19, 32: centrifugal nDIecuIar di 34ill ati on apparatus 20, 26:

distillation colum 15 22: decanter octane storage tank 29: fresh THE

tank 31: heatin
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tai ned by copg{gheipflLg%bg%ﬂgﬁGfo eyt aﬁ@%ﬁéﬁ%ﬁ¥CO CQ@S Oﬂgbfng

the fol [ ow ng CR%EagkﬁrE%th%%e 1 d?S Jun 50%%5&%@ the clogging

10

15

20

25

of a condensation tube and a conduit by the solidifica-
tion of the dicl.

The foregeoing and other objects, features and ad-
vantages of the present invention will be apparent to
those skilled in the art from the following detailed
description and the appended claims taken in connection

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

Fig. 1 shows an example of a gel permeation chro-
matogram of the oxytetramethylene glycol copolymer of
the present invention, which illustrates the molecular
weight distribution of the oxytetramethylene glycol co-
polymer, wherein the left-hand side is the side of the
high molecular weight and the right-hand side is the
side of the low molecular weight, and the hatched por-
tion shows the high molecular weight-side 15 wt% frac-
tion of the oxytetramethylene glycol copolymer, which
fraction corresponds to the area of a part of a whole
peak representing the molecular weight distribution,

wherein the part is taken on the side of the high mo-



(1) a nunber average nol ecul ar weight M of from 800 go 500 o 2) a
characteristic wherein the weight average 5 nolecul a and t he
nunber average nol ecul ar 10 15 weight M satisfy either the follow ng (i)
or the fol- lowing (ii): (i) a nolecular weight distribution of 1.8 or

less in terns of the MV Vn ratio, or (ii) B nolecular weight distribution
of nore than 1.8 in terns of the MV Mh ratio, wherein Mv and M satisfy
the relationship defined by the followng formula (1): 1012 x (MMM - 1 g
) 5.95 S 1.100 grfFulaxpvelkdhk inoluddng( Bgeamﬂéélp@ntly@lgcyé@r weight

copol yneri zation whole ra- 20 do Nw.of from6 to 30 noll, wherein the
neopentyl gly cdP &EBBoFhfesiRatkornGnBheredni shavareadefi ke Barthef nol ar

per cent age of the angugt of neopentyl glycol nononer units Eresent in the
whol e oxyt et r amtPRyVBRE® B oS cbpof ynpRseagrdthe 2Feat of afhaoVaelamunt

of 25 the tetrahydrofuran nononer units and the neopentyl glycol units in
t he whol e oxyt ePPaffét hyl ene gl ycol co- polyner; and 25 June 2005 18 (4) a
charactegistic wherejpn the nunber average _nolecular weight M, the

neopentyP gl ycol copot9ne?itS-2 $hemmble {R9PMERDIRS 27 ¢xanple

oxytetranethylegg the continuous production system used for producing
the oxytetramethylene glycol copolymer of the present
invention;
Fig. 3 is a schematic diagram showing another ex-
10 ample of the continuous production system used for pro-
ducing the oxytetramethylene glycol copolymer of the
present invention;
Fig. 4 is a schematic diagram showing an example
of the continuous purification system for performing
15 the one-step purification method which is used for pu-
rifying the oxytetramethylene glycol copolymer of the
present invention; and
Fig. 5 is a schematic diagram showing another ex-
ample of the continuous purification system for per-
20 forming the two-step purification method which is used
for purifying the oxytetramethylene glycol copolymer of

the present invention.

Description of Reference Numerals

25 1, 28: raw material tank




gl ycol copolyner, and the neopentyl glycol copolyner! S;Hﬂéédgpartim
ratio Nn (nmol %9 of a high nolecular weight-side 15 n of the

oxyt etranet hyl ene gl ycol copolyner satisfy the relationship defined by
the following formula (11): 10 Nh / NWM.11 / M3 < 0.0560 (I1), wherein Nh
is defined as the nolar percentage of the anount of neopentyl gl ycol
nononmer units present in the high nolecular weight 15 side 15 wt%
fraction, based on the total nolar anount of the tetrahydrofuran nononer
units and the neopen®yl &EREEPTunits in the high no- |ecul ar weight-side
15 wt% fraction, wherein the high nolecular weight-side 15 wt% fraction 20
is a fraction of the 8ryt&Eptas¥enyrenargtyesl veg§§6iynmer, which fraction
corresponds to the area of a part of a whole peak representing the

nol ecul ar wei ght di st fitbuFefreaeE#EPTt he whol e range of froma | ow

nmol ecul ar weight to a high nolecular weight in a gel permeation 25
chromat ogr am of the oxyt ePr9fBiRyPBAECYFFEELVEBHoNFRERL wherein the part
is taken on the side of the_high no 25 June 2005 19 | ecul ar wei ght

i ncl udi®hg t he naxinunﬁﬁnlggﬁl§gn%eight in the whol e peak and wherein the

area of the part of _the whole geak is 15 % based on the area of the whole
peak. 5 In andrhét -addéct COPAERELBPeREAPS nvention, there is provided a

met hod for producin he tetranet hyl - ene gl ycol copolyner of claimi1l,
whi ch ConprPses: 9 %: %ﬁ%/water reéelvgng ga%ﬁ poly

9: THF/water storage tank
lo-12, 1415, 17, 24-25, 30, 34: pump
10 13: evaporation vessel
16: reaction mixture tank
18: mixer
19, 32: centrifugal molecular distillation apparatus
20, 26: distillation column
15 22: decanter
23: octane storage tank
29: fresh THF tank
31: heating means
33: oxytetramethylene glycol copolymer tank
20

DETAILED DESCRIPTION OF THE INVENTION

In one aspect of the present invention, there is
provided an oxytetramethylene glycol copolymer, ob-
tained by copeolymerizing tetrahydrofuran and neopentyl

25 glycol, having the following characteristics (1) to



subj ecting tetrahydrofuran and neopentyl glycol to %g!%-cogﬁ6gnerization

reaction in the presence of a hetero- polyacid catal

copol ynmeri zation reaction being continuously perforned in the presence of
water in a continuous co- polynerization reactor while continuously feeding
tet 15 rahydrofuran and neopentyl glycoll%o the continuous co-

pol yneri zation reactor and while continuously renoving water which is
by-producedil}iruacopolynerization re- action so that the anount of water
is adjusted to 3' | evel wherein a two-phase reaction systemis forned 20
whi ch conpri ses an ,qr,gani ¢ ase_conprising a solution . of negpentyl glycol
in tetrahydrofuran(gﬂd ﬁaQPﬁgeﬁ aﬁ%%%%ﬁt??gﬁ?ViﬁF %%ﬁ%%ﬁtyﬁtPgngﬁ?%fron1
0.05to 3.5 j t 9 ased on the weight of the organic phase, and a

t et r ahydr of ur an/ aqueous Het er opol yaci d phase conpris 25 ing a solution of

het I Ld t.in. 25 J 2005 20 tetrahydrof d
an faueous net e ongbyack oggk aLyek. 40 2%,Aung: 200%, S0l i fydrotur an on
copol VI 221 b L1GL) Gsohs SAMLHAES AL BPLOLBLRLN L e . phase
compri Sing 2 GAGH:om! GUFL. A90LEPUASC LBt AL709 0 ene sone

wei ght of froq,@Q@qt @139Q0 and a reaction-forned tetrahydrof uran/agueous
het er opol ya- 10 cig phase; separating the reaction-formed organi c phase

con- taining the oxytety aeidid @9 weiyn © PY B d8 .8 or

_less in terms ¢f the Mw/Mn ratio, or

10 (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):

15 10 x (Mw/Mn - 1.8)%%

= 1.100 (1);
exp (Mn x 1.2/100)

(3) a neopentyl glycol copolymerization whole ra-
20 tio Ny of from 6 toc 30 mol%, wherein the neopentyl gly-
col copolymerization whole ratio N, is defined as the
molar percentage of the amount of neopentyl glycol
monomer units present in the whole oxytetramethylene
glycol copolymer, based on the total molar amount of
25 the tetrahydrofuran monomer units and the neopentyl

glycol units in the whole oxytetramethylene aglycol co-

polymer; and




copol yneri zation reaction m xture; and separating anggpﬂriféggg t he
oxyt etranet hyl ene 15 gl ycol copolyner fromthe react = rgani c
phase. Hereinbel ow, the present invention will be de- scribed in nore
detail. The oxytetramet hyl ene glycol copolyner of the pre- 20 sent

I nvention is an oxytetranethyl ene glycol I®pol yner, which is obtained by
copol yneri zi ng tetrahydrofuran and neopentyl glycol and which has the

foll owi ng character- istics é % é % ﬁ%& a nunber average nol ecul ar

wei ght M of from 54)30® tRPB %ﬁer L35, %@%@“25.%3%Ew?%§ gverage

nunber - aver age™FEGUPAr Vg by (B8 NePpoBiyNoPLYREY SPSIAME (P or ¢ he
fol- | I but f 1 I

terms of the MikRR Phes, TaELp %y IRRBFL gt %ﬂv'aeé‘:@iaﬁga?wrﬁai?sﬁ of more
than 1.8 in ter o, . Wwherei sati t he

Tt Tomshio. qaTve8d BOBelEmersl Abannel BrRaratyt, 817653 $obRIMIEEI% o)

ahgfesr - 100 1§a%xgn ggrél%lzé% &E)(gbfg?pggtx|hgggcggleogfaxner|Zatlon

weight-side 15 wt% fraction of the oxytetramethylene

glycol copolymer satisfy the relationship defined by

the following formula (II):

1.11 0.3

10 Nn / Ny / Mn < 0.0560 (1II),

wherein N, is defined as the molar percentage
of the amount of neopentyl glycol monomer
units present in the high molecular weight-
15 side 15 wt?® fraction, based on the total molar
amount of the tetrahydrofuran monomer units
and the neopentyl glycol units in the high mo-
lecular weight-side 15 wt% fraction,
wherein the high molecular weight-side 15 wt% fraction-
20 is a fraction of the oxytetramethylene glycocl copolymer,
which fraction corresponds to the area of a part of a
whole peak representing the molecular weight distribu-
tion over the whole range of from a low molecular
weight to a high molecular weight in a gel permeation
25 - chromatogram of the oxytetramethylene glycol copolymer,

wherein the part is taken on the side of the high mo-



tio Nwof from6 to 30 nolt, wherein the neopentyl gly- _col

copol yneri zation whole ratio Nwis defined as the mgéﬁhﬂﬁﬁﬂgxiage of the
anount of neopentyl glycol 20 nononer units present in the whole
oxytetranet hyl ene glycol copol yner, based on the total nolar anount of

t he tetrahydrofuran nononer units and thelmeopentyl glycol units in the
whol e oxytetranet hyl ene glycol co- polyner; and 25 (4) a characteristic
wherein the nunber average.  nolecul ar weight M1, the neopentyl gl ycol

copol ymeri za- iAo EYRYG Gt UG Dyt Nﬂﬁ%m&ﬁyﬂﬁﬂﬁéﬁéﬁﬁyP%%é%45 June

2005 22 glycol .copoal r,. and the neopentyl glycol copal yperi- zation
partial ratio NA* %M%ﬁo&e 5 ﬁ'mr?ol"g’&ﬁedf‘ @I’Fle-asioéeytf@ W%t P4ct i on of
t he oxytetranethyl ene. glycol .copal ynmer satjisfy the relationship defined by
5 the fol | owi nd ¥orMALe @%Ia)?( 1§18 fu bped G $he Gr6860T( the hRdeei n Nh

I's defined as the.nol ar percentage 10 of the anmount of neopentyl glycol
nononmer units EFE%%nt i n the high nolecular weight- side 15 wt% fraction,
based onr the total nolar anount of the tetrahydrofuran nononer units and
t he neopentyl glycol units in the high no 15 | ecul ar wei ght-side 15 wt %

fraction of the oxyfot PASSPADI SRESGT, 8 B6oBFRert LhKPRFLPPactPRS -
ol coul ar el it rovensd somBEbherat phetiRaRE" turg B EReRraRR s
nol ecul ar ene glycol copolymer of claim 1, which comprises:
subjecting tetrahydrofuran and neopentyl glycol to
10 2 copolymerization reaction in the presence of a hetero-
polyacid catalyst,
the copolymerization reaction being continuously
performed in the presence of water in a continuous co-
polymerization reactor while continuously feeding tet-
15 rahydrofuran and necpentyl glycol to the continuous co-
polymerization reactor and while continuously removing
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
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/aqueous heteropolyacid phase compris-

25 ing a solution of an aqueous heteropolyacid catalyst in



wei ght to a high nol ecul ar weight in a gel perneatiog5 ﬁhrogghggran1of t he
oxyt et ranet hyl ene gl ycol copolyner, wherein the parf on the side

of the high nolecular weight including the maxi mum nol ecul ar wei ght 25 in
t he whol e peak and wherein the area of the part of the whole peak is 15 %
based on the area of the whole 25 June 2Q@5 23 peak. The copol ymer of the
present invention is conposed of THF and NPG and contai ns tetranethyl ene
et her bonds. Such a copolyner is obtained by a conplicated reaction 5 node
whi ch i nvol vestatsimifireHear ant haeie dfsprgific gravidaeqbrisronsuch as a
l'iving cationic Qolynerization of THF, a term nation reaction of the
l'iving cati onit- p%@y%€$ization by the hydroxyl group of NPG and a co-

pol ymeri zation reaction conprising a dehydration con 10 densation between a
hydr oxyl group of é’q%?%rhaqherﬂﬂn%}mqo%ﬁ%wwat@%ﬁ-“%ﬁ“e’r‘trher a
termnal NPG unit or NPG mpnoner. Specifically, in the final oxytetrane-

t hyl ene gl ycol*%oputiirted hilh mid@iningdithityiphaske readi P s i kel y
to contain a | ong THF ho ol yner_ 15 region and a mddle to a | ow nol ecul ar
wei ght ol ynerSYTHEn 5 THARARY (55T TP BRI AZ OO FRASH A 1 e-
gion. Therefore, the nolecul ar meiqpt distribution of all polyner chains

of the whol e OXfEtraf P IRAHEY I} T AftIUpAIFmad argands § PN of
t he THF honopql y-. 20 ner redi gn._ Accordi ngly, even when the nplecul ar
wei ght of a cart e ibi R it E g usdd SoRelimes Mav B9 ot ner
the molar amyfhddy NRROTL MY A W 4bnd W WP'S0H SI81 "
becones smal | er
a reaction-formed tetrahydrofuran/aqueous heteropolya-
10 cid phase;
separating the reaction-formed organic phase con-
taining the oxytetramethylene glycol copolymer from the
copolymerization reaction mixture; and

separating and purifying the oxytetramethylene

15 glycol copolymer from the reaction-formed organic phase.

Hereinbelow, the present invention will be de-
scribed in more detail.

The oxytetramethylene glycol copolymer of the pre-

20 sent invention is an oxytetramethylene glycol copolymer,

which is obtained by copolymerizing tetrahydrofuran and
neopentyl glycol and which has the following character-
istics (1) to (4):

(1) a number average molecular weight Mn of from

25 800 to 5000:



than the twi ce nolar anobunt. 25 The nunber average l_ecul ar, i ght M of
the 25 June 2005 24 oxytetranet hyl ene gl ycol copolygg¥1é¥9$ﬁgﬁgiesent i n-

vention is of from800 to 5,000, preferably from900 to 3,000. Wen the
nunber average nol ecul ar weight of the copolyner is |less than 800, such a
copol yner exhibits 5 inproved | ow tenperatlre properties due, for exanple,
toalownelting point and a |ow glass transition tem perature; however,

by using such 100 Al | LLORARBEr EOAT R TETRLR BT VBT BAEL CRUPRTS 10
avé?é'gi”?}o?éﬁﬁrﬂaéc%ﬁi S Mo Hof L %uw&ﬁ’#é%gg%ﬁgﬁ S

bt ai ni . 3!

Comeratur o, - PRESREoREnEgt: ey e 61 ChRPCE P Bop a1 AP Sal Tdn CFat e BPLTS 1 he

whol e oxytetraﬁﬁhg% ElquCOI copol ynmer nust be- cone hi gher than 30 nol d.
However, as exp arna I"'éw, when the NPG copolynerization ratio of a

copoly ex- ceeds 30 e. ef ; ﬂﬁg gg ﬁ% tdd PG

copol y%ri zation ratio deper{naglnmg %ngfqel cular Wwel gh(i range Ill;Iecorres

smal | . Further, the Etgh gg%gyggn@h Mﬁ?h EQHXHEB Oof the present
opo

i nvention incl udes avi ng a nol ecul ar wei ght

distribution of 1. 8 or SS ddLd &1 Qjo?ld[}gzl Wé\é}l b RYE Gadz@Pol ymer

nol e 25 cule having a n&[ecular melg bution of nore 25 June 2005 25
than 1.8 in terms of the Mw/Mn ratio, wherein Mw

and Mn satisfy the relationship defined by the

10 following formula (1):

12 5.95

10 x {Mw/Mn - 1.8)

=< 1.100 (I);

exp (Mn x 1.2/100)
15

(3) a neopentyl glycecl copolymerization whole ra-
tio N, of from 6 to 30 mol%, wherein the neopentyl gly-
col copolymerization whole ratio Ny is defined as the
molar percentage of the amount of neopentyl glycol

20 monomer units present in the whole oxytetramethylene
glycol copolymer, based on the total molar amount of
the tetrahydrofuran monomer units and the neopentyl
glycol units in the whole oxytetramethylene glycol co-
polymer; and

25 (4) a characteristic wherein the number average
molecular weight Mn, the necpentyl glycol copolymeriza-

tion whole ratio N, (mol%) of the oxytetramethylene




than 1.8 in terns of the MV Mh ratio, wherein Mwv reprge- _sen e wei ght
aver age nol ecul ar wei ght of the co- polynmer and M ré%#%%%ﬁé@gﬁﬂe nunber
average nol ecul ar wei ght of the copolynmer. Wth respect to the copolynmer 5
nol ecul e having a nol ecul ar wei ght distribution of 1.8 or less, it is
preferred that the nol ecul ar weight dis- 2%ibution is narrow as possi bl e.
Specifically, it is preferred that the nol ecul ar weight distributionis
1.7 or less in_the_case gf the co olxner havi£§ a nnleiular &0 wei ght

di stribution of'¥&8d FRABAIYMET SARH LDRaFESRPM BT eBUYSP WEPEALYBRELT i buti on

results in a decrease in anpunt of the hugg mol ecul ar meight pol ymer

.an

chains whi ch R&%&°0eP9Thigh RBfieulmr (MRIThi9L S WA ¢ Ldhe aver age
nol ecul ar wei ght. The presepce, of _hi m 1 ecul ar i ght . pol ynmer chai ns
Taversery aff chpaoBhesERt TRcRER: sPaPbfb o8, RE Ry et RE b L BRIRER and

t hus, the decrease.in_the anpunt_ of _the high | ecul ar i.ght ol yner
chai ns | eads t S8R0 nHPRYLRERT FRLLREY| BUPEREa perar iR Properti BY of the
whol e cg@pol yne 2 ver, -even,wh he nol ecul ar wei ght distribu- tion
of the ggporyn%Peigoggggl?ﬂaﬁoﬁmg}aa?g%gblyner whi ch sa?isfies t he

rel ati onship defined by the follow ing formula (1) falls within the scope
of the present invention: 25,25 June2p05 26 1012 x (Mv Vvn - 1.8) 5.95 -

S 1.100 M exp (M x P/108) 5 Th¥0 ndeéx 4-&3&sented By ornula (1) above
(here-

wherein Ny is defined as the molar percentage
10 ‘ of the amount of neopentyl glycol monomer
units present in the high molecular weight-
side 15 wt% fraction, based on the total molar
amount of the tetrahydrofuran monomer units
and the neopentyl glycol units in the high mo-
15 lecular weight-side 15 wt%¥ fraction,
wherein the high molecular weight-side 15 wt% fraction
is a fraction of the oxytetramethylene glycol copolymer,
which fraction corresponds to the area of a part of a
whole peak representing the molecular weight distribu-
20 tion over the whole range of from a low molecular
weight to a high molecular weight in a gel permeation
chromatogram of the oxytetramethylene glycol copolymer,
wherein the part is taken on the side of the high
molecular weight including the maximum molecular weight

25 in the whole peak and wherein the area of the part of

the whole peak is 15 %, based on the area of the whole




Inafter, frequently referred to as "index a") shows rel atl hi p bet ween
t he nunber average nol ecul ar weight and the wei ght Mcul ar
weight, and it inplies that the nol ecul ar weight distribution nay be 10
broadened slightly when the nunber average nol ecul ar weight of the

copolynmer is high. This is because the efaf3ect of the narrow nol ecul ar
wei ght distribution on the inprovenent in the | ow tenperature properties

be- comes snmall in the case of a copolynmer having a rela 15 tively large
nunber aver age RRf%ecul ar wei ght. In other words, a copolymer fraction
having a rel atively maII nunber average mol ecul ar wei ght exerts a &gh

| evel of the above- BTG PTG He IER ST [faRpose
properties, i C ach t he narrow nol ecul ar. 20 wei

G oF e but on (158, 2 Apii%fgrwﬁdoqom#w%y?%wmymwﬂﬂ% RN 1 a
smal | anmount), but the h| nmol ecul ar WEI(? t fracti exerés only. a | ow

| evel of the |"ﬁ'b%\)3er%9ﬁ Wehel § P att A3 1Gated Feaihred to

that of the | ow r weight fractjo n the present vent.ion,
ndex a § o not M s @oespraefmlﬁv%quw% o BHERGE af0 l@o
preferably not Jore t 0, 500. .Wen a has & broad no June
2005 27 | ecul arP wei g%afchccf'osrfsrl bu“ﬁlbnassu%hfjt‘ﬁ |cf1adte:'5<°%i rjlz "™ such

a copol yner conj@ifs. py )4{%&“ ‘i{%‘bnﬁm havi 0, o, vter eh'lgihn g'Jn ach\_/%I gt he

In this case, even when er aver age ol ar Wel

| ow 5 tenperat ARerd4 qu&}_L ¢ by. verse
ef fects of thelHo Sgr(rrer aLal ns aV| ng ’&a rﬁafcﬁlﬂm%cﬁbar E\l/\l}e(% rg%téjcsj

polymerization reaction comprising a dehydration con-
10 densation between a hydroxyl group of a terminal .THF
unit and a hydroxyl group of either a terminal NPG unit

or NPG monomer. Specifically, in the final oxytetrame-

thylene glycol copolymer, a high molecular weight poly-
mer chain is likely to contain a long THF homopolymer

15 region and a middle to a low molecular weight polymer
chain is likely to contain a short THF homopolymer re-
gion. Therefore, the molecular weight distribution of
all polymer chains of the whole oxytetramethylene gly-
col copolymer reflects the length of the THF homopoly-

20 mer region. Accordingly, even when the molecular
weight of a certain copolymer chain is twice as large
as that of another, the molar amount of NPG monomer
units contained in the copolymer chain becomes smaller
than the twice molar émount.

25 The number average molecular weight Mn of the



The neopentyl glycol copolynerization whole ratio Ny, of the

oxyt et ranet hyl ene gl ycol copol yner of the 10 present Ms from6 to
30 nolt, preferably from 9 to 25 nolt. The neopentyl glycol

copol ynmeri zation whole ratio (NPG copol ynerization whole ratio) NWis
defined as the nolar percentage of the anpant of neo- pentyl glycol nononer
units present in the whole oxy 15 tetranethyl ene glycol copolyner, based on
the total nolar amount of the tetrahydrofuran nononmer units and  the
neopentyl gl yc&XYhetrsnethydengh Ly cody copcdyiery (of dhe Prgssmtcdiol yner .
In the present invention, NWis neasured by neans of 1H NVR Specifically,
the Nw 20 val udendieq dd ffedf oM foOnda r?t'cgéroal Pr&fgEabl vt f& oM@y tne
protons of nethyl ene groups. of a THE chain having nethyl ene groups. at both
termnal s therdoP%nd WpRB thechiabefaftierage Relrenhyr ﬂ?696ﬂ3°5f thec
When the NPG copol yneri zatiqQn \/\hob\%nratio is less 25 than 6 t, the
copol yneri zat i &7 BEcHFES FHRR $903uF8CB0Fs copodaRer (‘?Efggl r havi ng
a nunber. average nol ecul.ar . weight of 2,000 or .nore takes a solid form at
room t e} peraaﬂﬁpé'.ovle &PI’?'erte\Wé’g&?FuFﬁepﬁé’lpteFﬁ@eﬁm -of- °SuEFRP-Eopol yner

becomes hi gher .t han.room er at ur 20 ©) .. 5 The term "cqpal ri zation
effect” used i % Re lﬁrweglgh‘t%l 'gnyé’rirfli%o n?ls 34&PPnEd288 Fﬁgﬁ%%&?%g%eﬂﬁ t he

0 P AT R B, R i

conmonomer, wherern not ‘only ( the mopolymer chain
e e i R BB BB MRk ARGl
too small a number average molecular weight oxytetra-

10 methylene glycol copolymer as a raw material. Further,
when the number average molecular weight of the copoly-
mer is more than 5,000, for obtaining a copolymer hav-
ing a melting point which is less than room temperature,
the neopenfyl glycol (NPG) copolymerization ratio of

15 the whole oxytetramethylene glycol copolymer must be-
come higher than 30 mol%. However, as explained below,
when the NPG copolymerization ratio of a copolymer ex-
ceeds 30 mol%, the effect obtained by adjusting the NPG
copolymerization ratio depending onr the molecular

20 weight range becomes small.

Further, the oxytetramethylene glycol copolymer of
the present invention includes both a copolymer mole-
cule having a molecular weight distribution of 1.8 or
less in terms of the Mw/Mn ratio and a copolymer mole-

25 cule having a molecular weight distribution of more



merization whole ratio is nore than 30 nolt, such a co- poliner no | onger
exhi bits the above-nentioned copoly- nerization eff J, by

adj usting the NPG copoly 15 nerization rati o dependi ng on each nol ecul ar
wei ght range. The nelting point of an oxytetranethyl ene glycol copolyner
can be | owered by increasing the NPG copaby- nerization whole ratio, and a
copol yner having an NPG 20 copol yneri zation whole ratio of 20 nolt or nore
no |onger exhibits a neltlng poi nt. \Wen the NPG copo nmerizati on whol e
ratio is |ess tdh Z@rf'd}te’f‘??e%lttelwbﬁbl "dg/&’t‘bt M R BRR ene

gl ycol copolyner Is _elevated in accordance mnth an |ncreas%10f t he nol ecu

25 | ar wei ght Se8h% ﬁé’re “Eeri'egltji [venggg qalesptanigiah € 25t ﬁJrFé"ZOOS 29
becones n1n|nun1at p0| in the vicinity of from3 to qp |n terns
of NPG copol ym&r FRRGIER ST rﬁ‘if?‘?ﬁ’"zaﬂ‘f%ﬁ?%f‘o

depending on the Iec Iar wei t of r n|n1zation
point 5is IoW@ﬁ§Fﬁ é; h&% 8 oFotﬁgGNBOPP gWF r

i gh I f f I d
?ﬁégalgaﬁz'vf“g*%%’f‘ff?’ff‘mf:'Zlff%m % @’fie e e
copo} yrer ”585*33 oot i Hohe Sl f‘*’m s **Wi‘e*f R O gyl
copo nMer o
whgl eyr atio w trrﬁ'%ﬁlﬁlq‘r?% g‘b%m}le‘—’l \r%er‘é ongg)% ra(r)iL e, E%é w (a; E\Lgi’e?gn)ﬁ(gENPG

fﬁgm ymeri zat QR fe3lieQS thad h%ol%‘ééd"i%:e%féhé"’edigﬁn%ud&ofx{ 3G 10 and in

or less in the case of the copolymer having a molecular

10 weight distribution of less than 1.8. Such a narrow
molecular weight distribution results in a decrease in
an amount of the high molecular weight polymer chains
which have very high molecular weight as compared to
the average molecular weight. The presence of high mo-

15 lecular weight polymer chains adversely affects thé low
temperature properties of the copolymer and, thus, the
decrease in the amount of the high molecular weight
polymer chains leads to an improvement in the low tem-
perature properties of the whole copolymer.

20 However, even when the molecular weight distribu-
tion of the copolymer is more than 1.8, a copolymer
which satisfies the relationship defined by the follow-
ing formula (I) falls within the scope of_ the present

invention:
25



hi gh nol ecul ar wei ght-side fraction. The present in- ventors have made an
extensive and intensive study for producing an oxyt &ié&&ﬁl%gge gl ycol

copol ymer having inproved |ow tenperature properties and have found that,
20 with respect to those relatively | ow nol ecul ar wei ght copol yners which
have a nol ecul ar wei ght of 2,000 or |ess26the glass transition tenperature
becones m nimum at an NPG copol ynerization ratio of approximately 10

nmolt, and with respect to these « qhgt/muel-y 1higglt-tol ecu 25 | ar wei ght

copol ynmers whi ch have a rml—eeu-l—&r——mi—g—h{—e#—zeg—}urtg 2005030 nm9 .t han
2,000, the glass transition tefpenai U a erioogres mninmumat a point within
the range of 5 nolt or Jless in terns of an NPG copol ynerization ratio.

This finding inplies that i th t tain 5
oxyt et 1 et hyl ene. ol FEor PER0AREE ARy O nd TS 1 oPRGYebPEEST ar

i ght that ,of ih tignal t et thyl, | ygql | L if
the NP copol y A1 Tat i G4t 0 Yor “SAER SFlol B abr SRAeghE: r SEERon 4 s |

speci fically aqjeg%. q.%’n%ﬂig\é\%oltsvr?%?l RARS .hgl'ng)eﬁ'g a%%%gl%t%? I{}ﬂg?.e%ﬂl r

oxyt et ranet hyl éne gl'yco havi n W point "and a | ow

| nyl éfie _ g B0l ffand a low
2 Tosultof 1 NEISRIRRAR 1 weloRT, SOKTPRE RpatERLaR) HeTKAS, | Bnb" Tl

rzation ratio of

each nol ecul ar jyeights ftrl'xadﬁtt 19 mol8ciRehed gh? E%Q%'i%ﬂ%i%yﬁl%g p@pol ymer
as h

of the present 1nvention a characteristic wherein the nu r average

bty e S2oeMenctha ot hes! K80, sGabaL) Sragil pRaldhgs 110 W
gl ycol copol ymgfeizdit @F AMel icdlpolymer is high. This is because the
effect of the narrow molecular weight distribution on
the improvement in the low temperature propérties be-
comes small in the case of a copolymer having a rela-
15 tively large number average molecular weight. In other
words, a copolymer fraction having a relatively small
number average molecular weight exerts a high level of
the above-mentioned improvement in the low temperature
properties, which is achieved by the narrow molecular
20 weight distribution (i.e., the presence of high molecu-
lar weight molecules in a small amount), but the high
molecular weight fraction exerts only a low level of
the improvement in the low temperature properties as
compared to that of the low molecular weight fraction.
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-



20 ratio Nn (nolt) of a high nolecular weight-side 1 it |\Igéagtion of the

oxyt et ranet hyl ene gl ycol copolyner sat- isfy the rel fined by
the following formula (I1): 25 Nn/ Nwl. 11 / M3 < 0.0560 (I1), 25 June
2005 31 wherein Nh is defined as the nolar percentage of the anount of
neopentyl glycol nmononer wunits present 2@ the high nol ecul ar weight 5 side
15 wt% fraction, based on the total nolar anmount of the tetrahydrofuran
monomer units and t he neopentyl glycol units in the high no- |ecular

wei ght - si de 151&%243% #31BH 4P PHL B ffughviditt ondeRe "exege Ml ecul ar

wei ght- 10 si S W% fraction" is a fractjon of the oxytetr t hyl ene
gl ygol copol ygjerll OQuhi BHYH R GIRH BT e%%trﬂj’snﬁ (Po W%réﬁaﬂs 3‘73‘% 9of a

whol e peak represent| t he . nol.ecul ar t.ribution over the whole
range of frorﬁa?mw%%&tﬂﬂaﬁcm@me%%f ?ﬁ}ISeEG‘IS% SRS
gel perneatio chro ram_of the ox tetra t,h ol yner,
wherein the part |I§u er‘iaveoﬁ?gt%énosll E} %nr}fle‘%b Oh‘?/vecf

i ncludinhg the maX| m nol ecul ar vvel n the ol e peak nd vvh re| n the
area of° the partTE RLATaES s%% GRS & RS QT ¢ he

whol e peak. T ec wei ght,- si d 15 M ofractlo 0 a| ned
errpl rically bi}ceh pragip;ar At ve:agfgee tspeor!?nre}ca G SR ot oaglrnasphri/a‘f]@% Q}

cifically, thg r% DT \@h%&iﬂgct [ onat ion of the copolyner m)l ecul es

Is perfornmed by |2|ng 5 ference in retention tine, and the
hi gh nol ecul ar The neopentyl glycol copolymerization whole ratio

Ny, of the oxytetramethylene glycol copclymer of the

10 present invention is from & to 30 mol%, preferably from
9 to 25 mol%. The neopentyl glycol copolymerization
whole ratio {NPG copolymerization whole ratio} N, is
defined as the molar percentage of the amount of neo-
pentyl glycol monomer units present in the whole oxy-

15 tetramethylene glycol copolymer, based on the total
molar amount of the tetrahydrofuran monomer units and
the neopentyl glycol units in the whole oxytetramethyl-
ene glycol copolymer. In the present invention, Ny is
measured by means of 1H-NMR. Specifically, the N, |

20 value is calculated from the integral value of the
methylene protons of methylene groups of a THF chain
having methylene groups at both terminals thereof and
the integral value ¢of the methyl protons of NPG.

When the NPG copolymerization whole ratio is less

25 than 6 mol%, the copolymerization effect becomes low,



25 June 2005 32 weight-side 15 wt% fraction is obtai ngg‘}aéergé8§eri ng a

fraction which corresponds to a part of a whol e peak erneation
chromat ogram of the oxytetranmethylene glycol copolyner, wherein the part
is taken on the side 5 of the high nol ecul ar weight including the maxi num
no- | ecular weight in the whol e peak and @eerein the area of the part of

t he whole peak is 15 % based on the area of the whole peak. An exanple of
a gel perneation _chromatogram of the oxytetranethyl ene glycol copolyner 10
of the present 3HYhtFRPLTIGHRAVING | Fumbey pvygrage; mOLgeuaH ( - hand si de
Is the side of the high nplecular weight and the right-hand side is the
side of the | oWeHH e oF- W R MORf takehat Id D FHATH R ts FRRRR 458~ hi gh
nol ecul ar wei ght -side 15 \ﬁt%fhaction. Tng e is_15 no particular ki mtation
to the method fRFFBHBIES ni h§ OLRETgBPTHS, i BRLEAPENBPLBEaRT BUFRa2

rvent o, The SO TEh GBI, GLHES (A GRd temeerarsn Gagf - O
(manut act or o S STTH by SRRITT AR hate LM e (Feoa™ e PESRagtn)
Col ums: _Shodex, A% A0S LRE 0P oSt TR ANEIag T coul e
e 2000 i SAE LU P o Stmt® Ul o R
with a comonomer, wherein not only is the regularity of
the THF homopolymer chain eliminated, but a lowering in
10 the intermolecular interaction of the polymer chains is
also caused. On the other hand, when the NPG 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



Showa Denko K. K., Japan); Detector: Differential refractogﬁﬁ%%B(Rl); 5
: m/mn;

Tenperature: 40 C, Eluent: chloroformFlow rate of t

Sanpl e: chl orof orm sol ution containing 3 wt% of a copolyner; 10 Arount of
the injected sanple: 3 m; Sanpling nunber for fractions: 5; and Sanpling
interval for fractions: 10 sec. After obtz ning a chromatogram by GPC under
the above-nentioned conditions, the fractions on the high 15 nol ecul ar

wei ght side are collected so that the total area of the fractions
corresponds t oPE5ORLEf MipdmymeatoR PphBtwWADl ShpeXitcioptys oft ifmgmt Beto

nmol ecul ar weight distri- bution over the whole range of froma | ow

nol ecul ar  wei §Rt ™Pd2aini §rrms| eEuNBF Gepghymerikrstappr whodediret2o.til | ed
off fromthe cgllected fraction at 60 C under 5 Torr to thereby by obtain
a hi gh nol ecul aPiRePiRimirgEionspeingf varipenderaading RRGthepBPyAEHrzat i on
rati o of thekgbtained high nol ecul ar wei ght-side 15 wt% fraction is

anal yzed by 1H-RRR¥EASPReOEatBenaAReLYEST neAbfotite MiBimpsasiopspoing 2005
34 The gbscissa ol a chronatogran1obtained by a  preparative GPC, such as
menti on8d aboveS TAHPESHeiDt AECOFERRAE| BAtR FRe Hnerepsei pEskbeal Bobe not ed
that the ab- s iss?ﬁof a.chromat ogr am obt ai ned by an anal ytical GPC 5

i ndi cates a | op&FP A BPERE- motec{iel feitdRse @FAPSRTIAHN BT th¥e two

types of chronmatogra na eveal |
yp erlgg Qﬁe mgl£1ng point and glass transition tempera-

ture of an oxytetramethylene glycol copolymer, the NPG
copolymerization whole rafio of the oxytetramethylene
10 glycol copolymer must be 6 mol% or more.
In addition, the oxytetramethylene glycol copoly-
mer of the present 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



the absence of linearity between the retention tine g%;ut hi)‘d&garithm of

the nol ecul ar wei ght at the high no- |ecular wei ght

chromatograns. As a result, 10 the abscissa of an ordinary GPC chronat ogram
showi ng " the nol ecul ar weight distribution is sonetinmes extended on the

hi gh nol ecul ar wei ght side thereof. Furth2®¢, a difference is observed in

t he nol ecul ar wei ght distri- bution.due to the difference in the

f th I d GPC. Ho th t | t
o o pr epar ati Tt ia%ﬁzt‘ﬁé%m‘éiiwﬁw i N L
become substantially the same when hl Q&ﬁ rgance colu%n% ﬁ h as those
whi ch are used 5%® WénﬁpggbﬁF PnPER Wi & &5%|69883 Pireref'Sre, °&1 20
th h the hi I I ht -s % f t db
or epar at Lsﬁ- GE o oo t%%@?ﬁh am%? c;“”lwf—* %a'tsgﬁe. k%xé%ﬁ?%ﬁ%ff-hﬁy ""t h
recovere i ¢l ar. .wei si de rac n,is_subs i a e
sane as a frgctloggb ngéfﬁtggP ﬁeFH?Péﬁ& §I§88P68§ f@ Sofﬁﬁéﬁ 8bta|%ed

b 2l h
aroa of "o part OO U RGPS NbaRe: B¥teds shBR TR oy el PR el b
i St buti o0 OKeta o BERhS," Q08T o Al OQMEHelsgubgatwghaHt to a high

nol ecul ar wei ght N a ernea Rr ormat ogram of

oxytetranethyl g tgk¥%gtﬁggahgg§}35ygeE%helkgsr PRE! +8 ipkeRopBibhe, of de

of the high nolecular weig X|nun1nn t in the
whol e peak an%é@ﬁ%%%h@ntBﬁtéﬁeefogakﬂemgiﬁhuﬂgrtleﬁﬂﬂl@rHG%Eon‘isl5 $,

based on the area of the whole peak. In the 10 present invention, the
preparative GPgpwasrRehi®y"BAjusted, it would be possible to produce
10 an oxytetramethylene glycol copolymer having a low
melting point and a low glass transition temperature
which have never been achieved in the art. As a result
of the specific adjustment of the NPG copolymerization
ratio of each molecular weight fraction, the oxytetra-
15 methylene glycol copolymer of the present invention has
a characteristic wherein the number average molecular
weight Mn, the neopentyl glycol copolymerization whole
ratio N, {mol%) of the oxytetramethylene glycol copoly-
mer, and the neopentyl glycol copolymerization partial
20 ratio N (mol%) of a high molecular weight-side 15 wt$
fraction of the oxytetramethylene glycol copolymer sat-
isfy the relationship defined by the following formula

(II):

1.11 0.3

25 N, / N

/ Mn < 0.0560 (11),




using LG 908 (nmanufactured and sold by Japan Analytigal_ In ry Co.,

Ltd., Japan) as a GPC apparatus and Sho- dex H2001, = 2002.5 (each
manuf actured and sold by Showa Denko K. K., Japan) as columms, and the 15
anal ytical GPC was perforned using HLC 8220 GPC (nmanu- factured and sold by
Tosoh Corporation, Japan) as a GPC appagatus and TSKgel Super H3000, TSKgel
Super H2000 and TSKgel SuperH1000 (rmanufactured and sold by Tosoh Cor-
poration, Japan) as colums. 20 In fornula (11) above, Nh which is the
nol ar per- centage of the anmount of neopentyl glycol nononer units present
in the high nol eculvdrenssirgii,- $sdéefineti* abr abe mbdarhperaehéiage i nfl uence
on the glass transition tem perature of the whole copolyner. In the

pol yner chains 25 hefvithg Rimgpniolodc mleapandivjhtgs ydoie mghamert r ansi ti on 25
June 2005 36 tenperature becones m ni mum when the NPG copol ynmeriza- tion
rati o becones r el atuinidisy frewenthdmeftivee hitdhe mogleapyd arr wedighiton t enperature
of the whol e copolyner can be |owered by decreasing the NPG

copol yrferi zat i on r &tiide 3 Sofwtithd riaicgkiomo| dafesdy oneitdlet tedpd! wedarchai ns. The
i ndex represented by formula (11) above (here- inafter, frequently referred
to as "index (3") aoamtemf gihe deitrpbyariof vsnameaemsy tRd USresent
inventors, and it is preferred that the index P is as |ow as possible. 10
However, in practi @2 jthe fieppemitivdalollyy cdilf fnddist it ther Bdg&e™® copol ymer
having a 13 value of less than 0.035. The oxytetranethyl ene glycol

copol ymer of the prlE¥dRT WeISRiti-§Ad8adion gt IEXCHiRE - above- nenti oned char -

acteristics (1) to (4) exhibits i roved | ow. t enper a-
( fn thé Qresent invedp%on, the “hiéﬂ)molecular weight-

10 side 15 wt% fraction” is a fraction of the oxytetrame-
thylene glycol copolymer, which fraction corresponds to
the area of a part of a whole peak representing the
molgcular 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 d4if-

25 ference in retention time, and the high molecular



15 ture properties and can be advantageously used for, _pro d ale el astic
products having excellent properties. The nethod forggéé‘é%%éﬁg——the

oxyt etranet hyl ene glycol copolyner of the present invention which has im
20 proved |l ow tenperature properties is explained in de- tail below The
met hod for producing the oxytetranethyl eBg glycol copolymer of the present
i nvention conprises: subjecting tetrahydrofuran and neopentyl glycol to 25
a copolynerization reaction in the presence of a heter 25 June 2005 37

opol yac! d- cat HGHRL A% P A AT Hon A HIRS B GHARIod 7
performed in the presencge. aof water in ont i nuous -_ pal yneri zati.on
reactor while LRI chc}? e%?ﬁﬁﬁptoé‘tda% atﬁ/d?élﬁthr%fg adr’f’g“ﬁfoﬁ’gﬁﬁlllngl ycol
to the continuous cq- polynerization,.reactor whi | onti sl

removing wat & IR CFPFIIP’%B Ve sis chlfcoé'{?ﬁoﬁﬁaﬂb °£pr‘:(c){?‘§/r%$yletzea I‘]ag}?%l‘g’ii eé% ion so
that the anount, of water Jjs adjusted.to lLevel wherein t Wo-p

reaction systé%yfcso% oF TG HY whi % rcec')'fr"pr“"l(i'll e?aﬁit olrsga ﬁ{cenp%’zils\g%go%g?i%si ng a
sol uti of ntwl. gl ycol in tetrahydraqfur.an Vi . neopent yl

gl ycol Oggoncen{}’%g&ﬁloenx}) gqf r"(')°(r?1leo°f“8l§rt geﬂ’.gél %&cg%%d%@lﬁglsea !orjfﬂ%uﬁle%\%gi ght of
the organic p ta r r.an/ QHﬁi ol,yaci hase
conpris 15 ingae}%slo uS'feo%%"rE larﬁr%geug%%%%hg%%%gpo yam%reggltét %staq:ielr%Il

et rahydr of ur ap an HAANG,A SREGHIIG Yea 06 Ofs ¥ OBackdd did hed, herein
t he conti nuous copolynerization reaction 1S contl nuec? Il'e maintaini ng
the two-phase 18aCtJOne whole peak. An example of a gel permeation
chromatogram of the oxytetramethylene glycol copolymer
10 of the present invention is shown in Fig. 1. In Fig. 1,
the left-hand side is the side of the high molecular
weight and the right-hand side is the side of the low
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
permeation 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



20 system to thereby forma copolynerization reactiqn m xtuyr onprising a
reaction-formed organi c phase con- taining an oxytet @M&Q@Eﬁgl ycol

copol ymer having a nunber average nol ecul ar wei ght of from 800 to 5000 and
a reaction-forned tetrahydrofuran/agueous heteropoly- 25 acid phase; 25
June 2005 38 separating the reaction-formgd organi c phase con- taining the
oxyt et ranet hyl ene gl ycol copolynmer fromthe copolynerization reaction

m xture; and separating and purifying the oxytetranethylene 5 glycol
copol ymer fromthe r‘b“a%@iWmoF%dn@F@%ﬁi%Vm.momﬂmdvﬂﬁ?énﬁ THF)
and neopentyl glycol (NPG are raw materials for the oxytetranethyl ene

gl ycol co- polymer o} -9%e 9F csere (eremtnamfagiiredAVReFod Rhe present
invention is conposed of these two nononers, 10 but it may contain a snall
amount of ot her ethetheWpPeripdhontrs. 78 es of ot her conononers

i nclude 3- nethyl-tetrahydrofuran, 1,2-pr o;%yl ene oxide, 3-nethyl- oxetane

and the like. |In ReESCEI oxyHidthehftinlefeirgofometespdRiner, the

copol yr’rEri zation ratio of a 15 comononer other than NPGis the same as that
of NPG > nanely 6 PSR HTE: A “fet er opol yaci d used as a pol yneri zati on

cata- lyst in th resent invention is an acid obtained by the
condensati on of i e l<'§’rtc| 4 one netal spe 20 cies selected from

and an oxyacid of LBt HER el heie CMER s TILMdrUs. (P . S 11 con (Si).
arsenic (As), geréﬁﬂﬁiﬁﬂ(‘§ﬁro£%¥a¥% %%hutﬁ%%a%B%QEﬁLE%g 3 wt% of a
copolymer;
10 Amount of the injected sample: 3 ml;
Sampling number for fractions: 5; and
Sampling interval for fractions: 10 sec.
After obtaining a chromatogram by GPC undexr the
above-mentioned conditions, the fractions on the high
15 molecular weight side are collected so that the total
area of the fractions corresponds to 15 % of the area of
the whole peak representing the mdlecular weight distri-
bution over the whole range of from a low molecular
weight to a high molecular weight. Chloroform is dis-
20 tilled off from the collected fraction at 60 °C under 5
Torr to thereby by obtain a high meolecular weight-side
15 wt¥ fraction, and the NPG copolymerization ratio of
the obtained high molecular weight-side 15 wt% fraction
is analyzed by 'H-NMR in the same manner as mentioned

25 above.




cerium (Ce) and cobalt (Co). The atomic ratio of the 25 netaloﬁgecies (any

one or nore of netals selected from25 June 2005 39 t nsi sti ng of
Mo, Wand V) contained in the heteropolyacid to other elenents in the

het eropolyacid is 2.5 to 12. The heteropolyacid may be in the formof a
BrOn- 5 sted acid or a salt thereof. Speci3fdi c exanpl es of het- eropol yacids
and salts thereof include phosphonol ybdic acid, phosphotungstic acid,

Phosphomol ybdot UngatBie FHARKS a5 AP SPdeaded & & phospho 10
e e, i M LS ST S, s o
O e gt e S S L AEEAAS S Bt tne av-
bor ool Yo NGRS G 36t i kR SR FELANLE SRE I (SO IORHP 21
ceronol ybhdi ¢ eugﬂﬁi th A.pre- ferr ete oRegaCid S

I | f. d
an oxyaébd obt ai necfaaonc%stnﬁateaocggaaﬁdre ?atoﬁ%%qbﬁ Mo AR 8’F%§PQ|-6a P"6ne net al
[ 20 I f | st f d d id
PO Fean, e B U R e Sl Calonh Bl B A2 2

of at |east on enent "se e pr esent rvent i on,

the copolyner! 23ld b ddh AN db LAY HitIRlah R UfRAL B 1S, SagNCE Of

wa- ter in a continuous copol ynmerl zati-on reactor iI'1e con- uously

feeding tetrahydronhyananth RIORY o 1WAy 3R 154 a20Re?Righ mo-

lecular weight side of the chromatograms. As a reéult,
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 wf% fracfion is substantially the
same as a fraction of the oxytetramethylene glycol co-

25 polymer obtained by an analytical GPC, which fraction



to the continuous copol ynerization reactor and while cgntiggggsly renovi ng
wat er which is by-produced in the copolynerization that the

anount of water 1is adjusted to a |evel wherein a two-phase reaction 5
systemis fornmed. The two-phase reaction systemcom prises an organic
phase conprising a solution of neo- pentgb glycol in tetrahydrofuran and
havi ng a neopentyl glycol concentration of fromO0.05 to 3.5 weight %

based on the wei ght of the orq?nic phase, and a tetra_1Q hydrof uran/ aqueous
het er opol yaci d’ﬂﬁgl:é“ssé’o(nr?é dithdMteerres Qg e MAs; O & Wo@ 4o PSEHAEPIs a

Lcatel v phase o SRIPilel TR AL BT A T opact ¢
bt 2, A R R A B8
oroll) amoun Sl S ALl B a0 4 el aiopal g s be

neL T ORRT Y21 0 it AL o3P Sep e UG TN L1
cacal et PrasEIGIS 8 apeel 1o 9l b ol SBI DR Syl cRSOD
phasess AT 420 SHAYNL R Rollien? AR A3 RIS N, o0 koS, Lo

coordinated t Q.Lhe gt hanlivathd: aMAGN JEN@naPealt! 5£0%RY Wholk BSk
catal yst phase is
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 soid 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 SuperH1l000 (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




5 less than 1.8, the polynerization rate is markedly_o er, nd the
retention tine in the polynerization reac- tor becon€§i$%¥%éﬁﬂ$flong. As a
result, the produced oxytetranethylene glycol copolyner has a broad

nmol ecu- | ar weight distribution and exhibits a high glass tran 10 sition
tenperature. Accordingly, it is preferred&hat the catalyst phase has a

hi gh specific gravity, espe- cially a specific gravity of 1.9 or nore.

Ho ,  Wh th ifi ity. t h t t d 2.3,

part of the netePEEREREr el ot Rum widh T I PG e

precipitates apng,} hPaEﬁ} %éféédné’é‘aé?elafle\‘?gggslgw?' 'ai&{e&-beftﬂ}% Prgel pitated
ysSU™ no Iy

(solidified) heter-"opolyacid Ccata s Tapi et'ween e catal yst
h dth . . t vt e .
Phe.or gani ¢ prisert oFRRigEEed FERR-SRYEL Noe Pe “Mbte Jbbiffitaiddy ',
q . . . . . whi ch i
Cbt ai nod by et (Eoverey' B8, SO IDLAR R MR OmEL Lt A0 PD

only the acidi&TQEﬁ%wﬁﬁﬁﬁ éEééﬂHérf§%E$ﬁ¥ é$§% d4 hetgropol yaci d exhi bit

a catalytic 25 activity, the precipi on of" a 1arge anount of a 25 June

2005 42 solid het er.ﬂpglm,fj&%i?{%e%@dwnmlgf(fgié@ov@c(i}félgg_oups to

be decreased, leading to a e reaction rate. There Is a

correl ation befyeen i h%elsé;lﬁgérmﬁ H Vs rrad Yo 853 t%ﬁ% ad'yftisowgﬁni—n the

reaction systemand t unt "of water coordinated to 'a heteropolyacid.

Wien the cat alpysti fhBSEodiuTd WhEethdisi v Pnd g LS00 VinAGl thid), WHaeh the

anmount of water coordinated thereto
it is preferred that the index B is as low as possible.

10 However, in practice, it is technically difficult to
produce a copolymer having a B value of less than 0.035.
The oxytetramethylene glycol copolymer of the pre-
sent invention having all of the above-mentioned char-
acteristics (1) to (4) exhibits improved low tempera-
15 ture properties and can be advantageously used for pro-

ducing elastic products having excellent properties.

The method for producing the oxytetramethylene
glycol copolymer of the present invention which has im-
20 proved low temperature properties is explained in de-
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-




is 6 noles per nole of the heteropolyacid, the specif%c 10 giaéity of the
catal yst phase at roomtenperature be- cones 1.6 to L re, in

order to obtain a catalyst phase having a specific gravity of 1.8 or nore,
t he amount of water coordinated to the heteropolyacid nust be |ess than 6
nol es per nole of the heteropoly 15 acid37lt should noted that the specific
gravity of the <catalyst phase is not determ ned solely by the anobunt of
wat er coordinated to the heteropolyacid, and that the specific gravity of
the catal yst PFasithc-alyst| uenced by the amount of NPG contained in
the reaction 20 system and the tenperature of the reaction system In any
case, under the polYfeCPLyRerddFdicmokeasiiray &¢ing, copd a4
invention, for obtaining a catalyst phase having a specific gravity of 1.8
or nore, the PSTIOHTeS ifaitdre é’d’éﬁﬁ%&f t“’d"ttel%?e%taer‘t?ﬁiﬂlﬁ’é’ﬁ%& fPst 25 be

| ess than 6 nol es per. nmole of the heterqpol yacid. 25 June 2005 43 In the
present i nventﬂowqrﬁéaﬁﬁéncﬁﬁt?&ﬁqraﬁw%&qtﬁéuﬁ%&m Cfep?%d{@ itet-

mai nt ai hed at 0 Ogﬁp 3.5 wmt % Fbreingglgrn he effects qf, maintaining the
NPG corten- t FRE¥SETO rtaﬁ‘ea&‘%é‘r’ﬁ%eﬂﬁé( 9y CR Lo bfs tthft SRR Se £0 5
plained in detail. In the polynerizatiaon reaction. qf the.present .in-

Dent on, ol yRErYmerd 2t EER ay Ea AR S0 daiote G TRTRT A ch

involvesasig;%ltane us.,occurrence of n&lti | e reactions scg_%l;lasaliving

cationic pol ymsrtlerlal S0 38 B FHPAUSeCe il AAE SRR TS R 0T O Pn& i vi ng

cationic POlyEEEE%%tE%pt%%ttQ%eh%gk%§*l8%r%%Re9Ii§P§ﬂjUQQQdato a
copol yneri zation ' reacti on conprising a dehydra-
level wherein a two-phase reaction system is formed
1o which comprises an organic phase comprising a selution
of neopentyl glycol in tetrahydrofuran and having a
neopentyl glycol concentration of from 0.05 to 3.5
welght %, based on the weight of the organic phase, and
a tetrahydrofuran/aqueous heteropolyacid phase compris-
i5 ing a solution of an agueous heteropolyacid catalyst in
tetrahydrefuran and having a specific gravity of from
1.8 to 2.3,
wherein the continuous copolymerization reaction
is continued while maintaining the two-phase reaction
20 system, to thereby form a copolymerization reaction
mixture comprising a reaction-formed crganic phase con-
taining an oxytetramethylene glycol copolymer having a
number average molecular weight of from 800 to 5000 and

a reaction-formed tetrahydrofuran/aqueous heteropoly-

25 acid phase:




tion condensation between a hydroxyl group of a ternkgigﬁéﬁgﬁgﬁgnit and a
hydr oxyl group of either a termnal 15 NPG unit or a r. When the

pol ynmeri zation reaction is performed under conditions wherein a poly- ner
chain consisting of THF (that is, the region in the copolynmer which
consists of THF (THF honopol ymer re- giom3dgd, which is produced by the
living cationic polym 20 erization, has a broad nol ecul ar wei ght
distribution, the final oxytetranethylene | ycol_ copol contains a
hi gh mol ecul ar wei gREPRBRYHBS thei ReRaYiAg- goF@ﬁ@ ?Fﬁanﬁﬁnﬁ BBE§nEP T egi on
and a mddle to a | ow nol ecul ar ht _pol yner chain h vin shor THF
hormopol ynmer ret QSHQPSnth?h@FXFSFEamF%BYﬁﬁpécQFﬁFoﬁeFQRP gr?ﬁﬂﬁl €of 25
June 2005 44 the mﬂole tetranethﬁlene g %col cop Iyner reflects the
length of the TRRONBMEPLEFHEPD EGRGHIRNGLE Brﬁol? ner chai ns havi ng

di fferent nol ecul ar wei

amount of NPG. 5 Fo?eB?gﬁgﬁPﬂgaﬁdggg%F%¥%P9hggéaggith%%%%gﬁyggﬁgigﬁggr
T L0 S e B A, AL
cha e ony by g0 A8, ND0,ECGR LB R S8, e
consi dered thap 3”r§3?&8?é£§%g a?ys?@%ﬁggxygg%%H@%EhQTén%SgiyEHifEStant for

the THF hono oFyner se ena | ong THF
homopol yrer { 0,685kde bP tHE 52LALYE! :1RNBAE oA Thie NESHEARRERISALLAD Of

the organic ph al ned in the range 0 omO0.05 to 3.5
W % present inventiocn is composed of these two monomers,
io but it may contain a small amount of other ether type

comoncmers. Examples of other comonomers include 3-
methyl-tetrahydrofuran, 1,2-propylene oxide, 3-methyl-
oxetane and the like. In such an oxytetramethylene
glycol copolymer, the copolymerization ratio of a
15 comonomer other than NPG is the same as that of NPG,
namely 6 to 30 mol%.
The heteropolyacid used as a polymerization cata-
lyst in the present invention is an acid obtained by
| the condensation of an oxide of at least one metal spe-
20 cies selected from the group consisting of molybdenum
(Mo), tungsten (W) and ?anadium (V), and an oxyacid of
other elements, such as phosphorus {(P), silicon (S8i),
arsenic (As), germanium (Ge), boron (B), titanium (Ti),
cerium (Ce) and cobalt (Co). The atomic ratio of the

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




and it is preferred that the NPG concentration is ofﬁf{rom&#ﬁto 2 W .,
nore preferably from0.1 to 1 wt% Wen the NPG co S

mai ntai ned within the 20 above-nentioned range, there is a relative
decrease in the NPG copol ynerization ratio of the high nolecular weight
pol ynmer chains. Wen the NPG concentratiga of the organic phase is |ess
than 0.05 wt% it is inpossi- ble to produce an oxytetranet hyl ene gl ycol
copol ymer 25 having an NPG copol yneri zation ratio of 6 nol % or nore 25 June
2005 45 and, tHhes 9nawp siaadicdd nax pifedMoamit apidei¥e gopdaingd- ipoithser
exhibits hlgh mel ting point and high glass transition tenperature. On the
ot her hand, whetenppaiyacishdenotieroglementst 4@ dhgahedepRRedYpsid 5 w %

or nore, NPG S|gn|f|cantl causes the termnation of the living cationic
pol ymeri - zat ilén %of> a1 2énd only polymer chains having a very short THF
pol ymer region are roduced As a result, the nolecular weig

distribution of th peksFOPOLY 268 OnBAY: BEi &R 5@@0§8§mv8?yan§F¢BW and t he
NPG copolynerl- zatign ratio of the high nolecular wei ght_ polynmer chains

in thef%nleculéﬁqmﬁ%ﬂﬂ:QE'§tFPBGtFBﬁrGPftheSP%ﬁyﬁéFr%ﬁ%WB§?%d%fgm?E

copol yner becones relatlvel expl ai.ned above, ipnt
mol ecul ar wei G %@héﬁﬂ§s FH§r§P§s§nFﬁgﬂ§lPPBﬁPPBWﬁéYHFgFe be-

cores, iy “om%gN e e L
SRR R AR
vanadic acid, phosphotungstovanadic acid, phospho-

10 molybdonicbic acid, silicotungstic acid, silicomolybdic
acid, silicomolybdotungstic acid, silicomolybdotungsto-
vanadic acid, germanotungstic acid, borotungstic acid,
boromolybdic acid, boromolybdotungstic acid, boro-
molybdovanadic acid, boromolybdotungstovanadic acid,

15 cobaltmolbdic acid, cobalttungstic acid, arsenomolybdic
acid, arsenotungstic écid, titancmolybdic acid and
ceromolybdic acid, and metal salts thereof. A pre-
ferred heteropolyacid is an oxyacid obtained by the
condensation of an oxide of at least one metal species

20 selected from the group consisting of Mo and W, and an
oxyacid of at least one element selected from P and Si.

In the present invention, the copolymerization re-
action is continuously performed in the presence of wa-

ter in a continuous copolymerization reactor while con-

25 tinuously feeding tetrahydrofuran and neopentyl glycol




In the nethod of the present invention, water MhiChé%§£££é2g2E¥CEd during
the copol ynerization reac- tion is renoved fromthe

copol ynmeri zation reactor. In a continuous reaction, when the by 25
produced water is not renoved fromthe reaction system 25 June 2005 46 the
anount of water contained in the reacti omgystem increases and |owers the
specific gravity of the cata- |yst phase, thereby causing the organic phase
and the catalyst phase to become uniform (that is, the reaction 5 system
forns a singl etphbBe FertinpspusysPRAIYRerbaatsPn HeagEophase vhadei on
systen). Therefore, water by- produced during t he copol ynerization reaction
nust be renovEEMiiBRPRRLYr EEROVIRTIsYRER ¥high L8 RErRrafncedeinshleific
gravity of the catal yst phase at a constant 10 val ue. Hereinbel ow, an

expl anati on i sSCRBREYBRTAZAELABITeR6E1PRNEY| W2 hatBE BPOBREIBECHAHEFi ng t he
copolynmeriza- tion_reaction. Since the nethod of the gresent | pventi on com
15 prises a cohtiAddBEtedpbPyAeteyatli BRerehRt fohWorRBAEG- THRBEHRRd wat er

nmust be _renoved continuously fromthe reaction system The nethod enpl oyed
in the presentSYFhYBNEF ohoFBRAr enhE M eSS (AT HERT X1 5FH V%tem is a
met hod in which water and THE, are azeotrqgiga#lﬁ 20 diﬁ¥i||6df0ff fromthe
reacti on syst eRTHRTS TRE PEIPBIC; PPARY PO PFLSTRYCRi B PBr @i R%3n anount
which is equivaﬁfni tg thf anogn% of %PE%&ganed bé % e_azeo. trgg#&
distillation PROERTSILEERT the GLERRYORTLUI R <P AEYRIOF WEPRF ERE THE
may be perforngd by, USiflentration of £rom 0.05 to 3.5 weight %,

based on the weight of the oxrganic phase, and a tetra-

10 hydrofuran/agqueous heteropolyacid phase (hereinafter,
frequently referred to simply as a "catalyst phase”)
comprising a solution of an agueous heteropolyacid
catalyst in tetrahydrofuran and having a specific grav-
ity of from 1.8 to 2.3.

15 In general, an anhydrous heteropeolyacid is spar-
ingly soluble in an anhydrous THF, but well soluble in
a mixed sclvent 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 heteropoclyacid to values within their respec-
tive ranges wherein the resultant mixture becomes a
heteropeclyacid 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




25 the systemshown in Fig. 2, wherein the gaseous phase 25 June 2005 47
containing the azeotropic vapor is withdrawn fromth system or
alternatively, by using the system shown in Fig. 3, wherein the reaction
systemis sepa- rated into the organic phase and the catal yst phase, 5
foll owed by the withdrawal of the azeotrqpic vapor of water and THF. In
the nmethod in which water and THE are renoved by azeotropic distillation
froma reaction systemcon- taining both the organic phase and t he catal yst
phase, 10 sincehas$e amd 4 reedtalors tofphwestear iisnnofte fud iyl pducghased.i s hi gher
than the nmol fraction of water in the organic phase, the nol fraction of
water in the towtlibfis ronpidered Prake amhlhanuind of e 1% hi gher
than the nol fraction of the organic phase. Therefore, this 15 method is
consi dered to extwdinatediyhcrhghefrerepmhacidefficiency than a method in
whi ch an organic phase is separated froma catalyst phase and water is
renoved from the S8 dthal sorepific grad tyrgf fée qatalyist phasfods a
| owering of the inner pressure of the reactor 20 so as to | ower the boiling
poi nt of wat erless gfharctd e the POBMRAIRATIRR RREE W MRFRRELY ki
However, when water in the reaction system conprising both the or- ganic
phase and the 2%8%13%3 Haseetantith et thes pwrrgeﬁmmrt reac-
distillation, a precise control_of the 25 _reaction teng raturauga% becone
a

difficult whent®hePepP™es Rafdedbs g or AfeRoTEFULL - p&fPoPHe hi gh

reaction rate such
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 ligquid state.
In addition, since only the acidic groups at the sur-
face of the solid heteropoiyacid exhibit a catalytic

25 activity, the precipitation of a large amount of a



that the |atent heat of vaporization necessary for the azeotrﬁgic
distillation adversely affects the reaction tenperat L ¥ enovi ng

wat er while maintaining the stable
that the reaction systemis separated into the organic
and the catal yst phase and, then, the azepgropic mxture of water and THE

is preferred

Is withdrawn f
that a part of

returned to th&odddcty

time. In the p
I n a two-phase

phase, and nost of

phase. For inc

efficiency of contact between the 20 organi c phase contai nin

whi ch are the
pol ymeri zati on

pol ymeri zation reaction conditions,

romthe organic 10 phase. In this nethod, it is preferred
t he ogggnic phase wi thdrawn fromthe reaction systemis

raw HABEER| iF ﬁnﬁBﬁEF%aéﬁﬂntPStUﬁﬁal§Q? ﬁﬁﬁ?éf i 8H3Vs the
reaction site.

In the
i s incr@ased b&tabﬁﬁoﬁpﬁaFéF?lgéﬁ-PpﬁgﬁlFﬁgtpﬁer§ﬁ8ﬁé°8fSyﬁéePeQBpor and

the efficiency
25 June 2005 4
shape of the c
agitation. The
I nventi on may

10

15

20

25

of 25 agitation so as tq.impraove the efficienc f. cont act.
g‘ Pg%eﬁs% rsi ¢t%to the

' I ' ion, d the effici f
VBt 008 CpAT i ProaE, 4f PEsEPGPaILadnon S e oL oBPHYent
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§hee AEONBE O, VaheEX FPRRLE RafePRi-EROPE

%%i%riga%hggh %ﬁee UBBB%dJy %gt%r coordinated thereto

is 6 moles per mole of the heteropolyacid, the specific
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-
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
system and the temperature of the reaction system. In
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

be less than 6 moles per mole of the heteropolyacid.

eropelyardd gausgsathecnamperppfdEfELFtA¥E retention
resent invention, the copolynerization re 15 action proceeds
acddc GroNDPSy $rehec dppreasedng 1eaddngatPc 2pRoWerangd ffcat al yst
t he copol yneri zation reaction proceeds in the catalyst
tgs EeGctdenr €atfi-on rate, it is neces- sary to increase the
THE and NPG

resent invention, the reaction rate




baffle on the inner wall of the reactor. It is pre- rred t he

pol yneri zation reactor is equipped with a baffle. ﬁ&gﬂiﬁéégg@% to the
liquid contents in the polynerization reactor, the L/D value (wherein L
repre 10 sents the depth of the liquid contents in the polymeri- zation
reactor and D represents the dianmeter ofgghe po- lynerization reactor) is
preferably in the range of from0.5 to 10, nore preferably from1 to 3.
There is no particular limtation with respect to 15 the norphol ogy of the
i npel | er. For exanphethehpresengelinwenitdonel &becPEr oangantinakdeni afel | er,
a turbine, a propeller, a plane blade puddl e, a curved bl ade pud- dle, a
Pf audl er type thepomriganicaphageBdsnmaintaiped pfk 0p8F| &P, 3pPerérably from an
anchor inpeller, a turbine, 20 a propeller and puddles. The inpellers my
have an an- gHegeimnkgdowr &hgi effegts ademaipsadpdpg thet NBGhraa&E§ P greatly
varies depending on the t¥Pe (norphol ogy) of the inpeller, and is not
particul arly trgties ofnéhengksaniss PhRsehRAdas CAPEEBREIVRASULhESSRErt of
the im25 peller is generally from1l to 10, usually from1 to 3. 25 June
2005 58 Howev@raiagd dpefeépitavi ng nore than ten bl ades and an inpel | er
havi ng only one bl ade can be used w t hout causing ang problem Wth
respect to the sizéPofhehBOlyMpELFeELiop; TPachigrePf ebRENBFSFRBVAPGe d/ D

(wherein d 5 represents the dianeter _.of the blade of the i Sller, whi ch
is twice as Igﬁgtggnth°F§W§Fﬁ 8fet REOBPREEIPY ?h8°PHEéFng, &f&°D

ts the._di t f th | I zati t s f 0.1t
0785, "pref er abiy™ PO bidoo6YBLHRe 2P arEtFBhSPaGECSPEERBSReYA ut i on

multiple reactions, such as a living cationic polymeri-

10 zation of THF, a termination reaction of the living
cationic polymerization by the hydroxyl group of NPG,
and a copolymerization reaction comprising a dehydra-
tion condensation between a hydroxyl group of a termi-
nal THF unit and a hydroxyl group of either a terminal

15 NPG unit or an NPG monomer. When the polymerization
reaction is performed under conditions wherein a poly-
mexr chain consisting of THF (that is, the region in the
copolymer which consists of THF (THF homopolymer re-
gion)), which is produced by the living cationic polym-

20 erization, has a broad molecular weight distribution,
the final oxytetramethylene glycocl copolymer contains a
high molecular weight polymer chain having a long THF
homopolymer fegion and a middle to a low molecular

welight polymer chain having a short THF homopolymer re-

25 gion. Therefore, the molecular weight distribution of




10 speed of the stirrer greatly varies dependi ng on tEE stragéﬁre of the
I npell er. Therefore, the revolution speed of the sti a trolled in

accordance with the structures of the reactor and inpeller so as to give
a notive power (P) within the desired range. Ba 15 sically, it is preferred
that the inpeller has a struc- ture such #dat a | arge notive power is
obtained by a slow revolution speed. One nethod for inproving the
agitation efficiency of the polynmerization reactor is to increase the

motive 20 powethne PR} cPRY ERFTARG Y E81¢ FEHSL | CORMHB B ShETC the

noti ve power (P/ applied to the liquid per unit volune thereof erein
P (rje{)/r egents gh@:%‘)];ﬁ]g%ﬂb?%rth%wfl gb?wg?lw?@eﬁ(ﬁh oal?ﬂt‘f‘h% ?éﬁ%&og .
an repre- sents the.vol une. e |iqui n the reactor).is .
or nore. IOSi nce %Wi%?%%%eh?ﬁlé%eaﬁ{f’&%ﬂ%é“%e i%n"ée%%s g'fdsjui(f%nT n an

I ncrease of the reaction rate t Is pre- ferred to ke /V val ue as
| arge as possi bF&™ %%F/%?Fl%iif u?}f?léar??wﬂ?%i%e?ﬂmﬁta #“t}g% d even when
the P/V yal ue beco llarger than 6. 5 Further, for inprowving the agitation
efficienty of the re¥bROHIGHER SPTYIFEHTEY (R 2985 atio of the

olune of the catal yst phase to. the volune of the _liquid.]J ctor
(&1 Caner'ai iredt188s R8T o s Hodd¥eary WA Ll CRERPM

reactor and V é&e#ﬁgﬁsgl@és {&%O%Oéé’{]fmﬁ){c fé@f%gﬂgﬂ{bﬁh&r tor) is

fromO0.1 to O. e cont1 nuous pol yirer on re- action of the present

nvention, whers hes £ 1) Uhd Sabdldlinert Sdd  EGH O Ynd0! YERSD ERLALE
only by maintaining the NPG concentration of the or-

10 . ganic phase at a constant value in the range of from
0.05 to 3.5 wt%. It is considered that an appropriate
émount of NPG functions as a surfactant for the THF
homopolymer in the catalyst phase, and this enables a
long THF homopolymer to reside in the catalyst phase..

15 The NPG concentration of the organic phase must be
maintained within the range of from 0.05 to 3.5 wt#%,
and it is preferred that the NPG concentration is of
from 0.1 to 2 wt%, more preferably from 0.1 to 1 wt%.
When the NPG concentration is maintained within the

20 above-mentioned range, there is a relative decrease in
the NPG copoiymerization 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




achi eved even when the retention tinme (VF) of ther 5 Ei al nononers
(THF and NPG in the reactor (wherein V represents (nB) of the
liquid in the reac- tor and F represents the rate (nB/hour) of feeding the
raw materials to the reactor) is small. In the nethod of the present
invention for produc- 20 ing an oxytetrangt hyl ene glycol copolyner, the
anount of oxygen present in the reaction systemis suppressed to a |evel
as | ow as possible for preventing the dis- coloration of the

oxyt et r anet hy| &Hé& giiesl Eepapyetucedoxytetrameidodiene thygrksedce of
oxygen during the 25 polymerization reaction. Specifically, the oxygen con
25 June 2005 FPEEMF R¥DHOBES bk cpel t g Bekndmand grigleralass 1000 ppm
or less, and the | ow oxygen concentration can be achieved by performng

t he pol yneri z&iTHE ek | e3mPerat¥ret nosphere of an inert gas, such as
nitrogen gas, 5 heliumgas, argon gas and neon gas. A copolynerization
reaction nixture offitithsd qthes vihefeitheo NP menrantgaiinn ot stil |
after the ternination of the polynerization reaction to thereby effect a

phase s®par at i O ATIHEG RRAFON ikt S REomPTea NBSC SASRIEICABELEr gani ¢

phase cont ai ni ng the - tetranet hyl ene gl ycol copolyner and a catal yst
phase, and orﬁag“ster‘ﬁe t&t‘%c‘i?%‘ﬁﬁ r R L ipHae C@é%‘%‘f R ed to

the okt | on HARTE 05 EHnknd SR AP TER EHALGh SO Y ¢ phase
O " R SR SRS AR he ST, 10
the molecular weight distribution of the THF homopoly-
10 mer region becomes very narrow, and the NPG copolymeri-
zation ratio of the high molecular weight polymer
chains in the molecular weight distribution of the
oxytetramethylene glycol copolymer becomes relatively
high. As explained above, in the high molecular weight
15 polymer chains, the glass transition temperature be-
comes minimum when the NPG copolymerization ratio is
relatively low, and the glass transition temperature of
the whole oxytetramethylene glycol copolymer can be
lowered by decreasing the NPG copolymerization ratio of
20 the high molecular weight polymer chains.
In the method of the present invention, water
which is by-produced during the copolymerization reac-
tion is removed from the continuous copolymerization

reactor. In a continuous reaction, when the by-

25 produced water is not removed from the reaction system,



separation and purification of the copolyner is per-_forned. There is no
particular limtation to the 20 nethod for separati € yi ng the
copolymer and the copol yner can be purified by any conventional nethod.
For exanpl e, use can be made of a purification nethod enployed in the
prior art, such as Unexam ned Japanese Rgtent Application Laid-Open

Speci fication Nos. 25 Sho 60-203633, Sho 61-120830, Sho 61-123630, Hei 6 25
June 2005 53 87951, Hei 9-291147, Hei 10-87811, Hei 10-87812 and He

10- 87813. Her &hspEMpnnty e ¥atetatgontainedhda dheoneaskinpl syssem
purification process which can be perforned after 5 producing a copol yner
by the net hod ISCHEIEEF S lover s, e FPectifd cogganiiéYpRis&hghicata-s
separated fromthe catalyst phase is subjected to distillation to thereby
remove a port ildi¥ toPhPEE .1 ERETSPYg Gavsimg Shgasrgaprgsehase pnd &heref erred
that the tenperature for distilling off THE is in the range of from40 to
100 C. Since Fatadyst 2h&sH tor beremsorpidormalitbatcdfal fhe reagtdgn

di ssolved in the organi c phase, the exposure of the or- ganic phase to high
tenper &t ures FISTEM SRITE Ae SARFLES PEAFE T5AGHAOR SYSER dgstead of

depol yneri zation of ‘a THE ter- mnal of the oxytetranethyl ene glycol

copol yner, and tVﬁéBﬁﬁ&PaFP&ﬁt&Pntﬁgsﬁﬁ act BERPEPTHt FEHRT oY T et r ane-

e oo SRR BRSNS 20 2 0den e oA Bebilcga @ P
Therefore, the fiYed Erbd’ 188 2ballffoh® P5eba’ 23! YsPEh LIRTah Enke! &
specific gravity of the catalyst phase at a constant

10 value.

Hereinbelow, an explanation is made on a method
for removing water by-produced during the copolymeriza-
tion reaction.

Since the method of the present invention com-

15 prises a continuous copolymerization reaction, the by-
produced water must be removed continuously from the
reaction system. The method employed in the present
invention for removing water from the reaction system
is a method in which water and THF are azeotropically

20 distilled off from the reaction system and THF is re-
turned to the reaction mixture in an amount which is
equivalent to the amount of THF removed by the azeo-
tropic distillation. In this case, the azeotropic

distillation of water and THF may be performed by using

25 the system shown in Fig. 2, wherein the gaseous phase




tively low tenperature which is not higher than 70 C re ferably 50
to 60 C. Further, an optinmumrange of the di stiIIat%ﬁﬁ'&%gﬁége may

slightly vary depend 25 ing on the area of the heat transfer and the
retention 25 June 2005 54 tinme in the reaction system but the distillation
pres- sure is preferably in the range of4from0.1 to 5 atm |In addition,
it is preferred that the degree of vacuum is 200 Torr or nore for

mai ntai ning the tenperature of 5 the cooling medi um for CO%| i ng.an

| d
condensi ng t h&ERBINING dderazeqt TG V@RS dsure HARWEh&EF oM H 8% he de-

gree of vacuum of 600 Torr or less is preferred for im proving the
distillation FRACHIAR AN W sdybemmadivedy Ty i@lﬁggFg'Paﬁg’ftﬁ&for ned

under 200 to 6Q0 Torr. 10 Next, .a saturated hydrocarbon having 6 to 10 car-
bon’ it anrs. { 06 ST R Ty A e & RRIAPT TR Sy SHPEohase 1o

t hereby renove the residual cata- |yst. A C6-Cl0 satuyrated hydrocarbon is
preferably usédtS%r %d’ﬁ%%t‘%ﬁfﬁ a Q‘éaxzﬁ#lag'gs fpilﬁ‘gﬁ'satu 15
rat ed drocar s include cycl, ane,. cycl oheptane, cyclooctan

cycl onchane, C‘%&qﬁ’&'@gﬂi’é’, w&%%&&%’& ARS8y Igﬁlg)%é:né),

2- et hyl hexanew - hexa}gég,%&- hept ane, n-octane, n-nonane and n-decane. After
the addition "8 Fhé& Caturat ed hydr ocarbon to the organic 20 phase, the

organi ¢ phase has the foll m%vl\fihl%% g%m%iickg%eﬁlgntg? T?% We 9%8303(1

oxyt et ranet hyl ene gl'ycol™ copol'ymer, “THE and to 89 wt % of
oo o0 My SRS, SSAbAL MY MBIt Y
oxyt etramet hyleng glyy $RJe1f A ¥WiJanic phase and the catalyst phase,
10 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
mol fraction of the organic phase. Therefore, this
15 method is considered to exhibit a higher water removal
efficiency than a method in which an organic phase is
separated from a catalyst phase and water is removed
from the separated organic phase. Further, in this
method, a lowering of the inner pressure of the reactor
20 so as to lower the boiling point of water is effective
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-



25 June 2005 55 However, when the oxytetranethyl ene %y ol %Iyner IS
m xed solely with a saturated hydrocarbon, the copol%biﬁgpiéﬁg—the

sat urated hydrocarbon separate into two |iquid phases and the saturated
hydrocarbon is incapa 5 ble of exhibiting a satisfactory effect as a poor
sol - vent. For solving this problem THE ghich is a good solvent for the
catalyst is used in an anount such that THE functions as a surfactant for
preventing the phase separation of the oxytetramethyl ene glycol copol yner
10 and t he sat tent semhydlodsar penfoTmedesdr @, highi sepréioheratd shah t he
residual THE is contained in the or- ganic phase in a m ni num anount which
prevents the phatetbepdpiensnheftt hE€ vaporiratinpdnecessenyafidrt ke
oxyt et ranet hyl ene glycol copol ymer. The saturated hy 15 drocarbon is used
in an anount WAFeALTePAGt diesilinihont apdverssghy affemésokhecreanbioyl ene
gl ycol copolyner so that the saturated hydrocarbon functions effectively
as a poor sol Y&RPeFBEUTrfe catal yst and the anount of the saturated
hydrocarbon is sufficient for removing the 20 catalyst. Only a very snall
anount 8f the catal¥Q¥ PemEIBing waterrwitle frahptatndngakine pralEe by t he
addi tion of the _saturated hydrocarbon and, thus, a portion of the sepa-
rated catal ystPPhHReT§2REIANXEAGELAN t ARGt HbenE - phhsts pEefpEFedore, it is
preferred that the organi ¢ phase is 25 June 2005 56 filtered through a
filter having H'9brkPai GRECELOBT SYSteMm bF $ekaraked; LnEP RAg| ¢E9anHore
diameter of O'Ekgge and the catalyst phase and, then, the azeotropic
mixture of water and THF is withdrawn f£from the organic
10 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.
In the present invention, the Copolymerization re-
15 action proceeds in a two-phase reaction system compris-
ing an organic phase and a catalyst phase, and most of
the copolymerization reaction proceeds in the catalyst
phase. For increasing the reaction rate, it is neces-
sary to increase the efficiency of contact between the
20 organlc phase containing THF and NPG which are the raw
material monomers and the catalyst phase which is the
polymerijization 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.




or less is used to filter off the catal yst phase nore _efficiently. 5 After
the filtration process, the anount of the catalyst Qigﬂgﬁﬁ#ﬁgﬁfn t he

oxyt et ranet hyl ene gl ycol co- polymer becones 100 ppmor |ess. For further
decreas- ing the catal yst content of the oxytetranethylene gly- col

copol ynmer, the organi c phase as such cangbe con 10 tacted with a solid
adsorbent, such as an activated carbon, cal cium oxi de, nagnesi um oxi de,
cerium oxide, zirconiumoxide, alumna and silica alumna. The treatnent
wi th the adsor bent HeFegabedovbd ait explangdden g dmagee Wdith ASSPRET t he
solidification nor the boiling 15 of the organic phase occurs. |n general,
the treatnent “Sitte éﬁ%@rfbgrhe iCPNIdmusyFe @odivmeayd zad 1pP0 82T - erabl y
at 0 to 67 C, nore preferably at 15 to 50 C. The ampunt of the residual
catal yst in t @%b heceffdciengy afe a@if@dii%®opol ymer can be decreased to 10
ppmor 20 less by treating the organic phase with a solid adsorb-_ent. An
activated carbon ighﬁrSP@%&BP?“&S@@1§?e§1§é¢P&n £886tRENLSEEr LRehBEi ng t he
catal yst. The resultant organi c phase conprising the oxytetranethyl ene

gl ycol S5copol y RERSEQ Ly Ipventdon,fiagh bex o1 i@ i“(?%albley PR WY 2nd NPG
which are raw_mate 25 June 2005 57 rial nmoponers and a gsat urated

hydr ocar bon u® fﬁ&ro %hﬁD&PHGIiW@l&aP§I$§F.I§@€ﬁ°§'nii£u?§ Bifi~be

Subl ccted 10 s AR TR SRS UL RO O
Alternativelyo HIeeTuxt UigeRaheBEo 3k ol ERECH: 401 ANORHERELCRAT Remet hod of
polymerization reactor, the L/D value (wherein L repre-
10 sents the depth of the ligquid contents in the polymeri-
zation reactor and D represents the diameter of the po-
lymerization reactor) is preferably in the range of
from 0.5 to 10, more preferably from 1 to 3.
There is no particular limitation with respect to
15 the morphology of the impeller. For example, the im-
peller is selected from an anchor impeller, a turbine,
a propeller, a plane blade puddle, a curved blade pud-
dle, a Pfaudler type impeller, and a Bulmarzin type im-
peller, preferably from an anchor impeller, a turbine,
20 a propeller and puddles. The impellers may have an an-
gled blade or a pitched blade. The width of the blades
greatly varies depending on the type (morphology) of
the impeller, and is not particularly limited. 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.




tion after di
t he resultant

phase is a sol ution

NPG and a sat

stilling off THF. When THF is distilled__off f the m xture,
m xture separates into a saturated hy@ééégﬁ%éﬁgbhase and an

oxytetra 10 net hyl ene gl ycol copol ynmer phase, and the saturated

hydr ocar bon phase can be renoved fromthe oxytetra- nethyl ene glycol

copol ynmer phase. The thus obtained oxytetranmethyl ene glycol copol yner

containing 30 to 70% of an oxytetranet hyl ene glycol co

15 polyner, 0.02 to 10% of NPG and 30 to 70% of a satu- rated h%ﬁéo%grbon.
b

removed by not- onl

Hei 9-291147,
the purificat
i nvention whi
distillation

25 June 2005 58 in the presence o resh tetrah
tenpera? ture BFPFEBRTED the 1%’0*"@9?1‘??8&?#]1@5‘? e‘%i%‘ﬁ% % J?IP%an'@y?

the fresh tet
t he wei ght of
t hereby di sti

uiaveveRy 0ibchrRRhL ek el 1 dnoFe sHRAR at el RS ¢

x the purification nethod of the gée enf invention, but
al so the convehPOAAET PRRYERE R1bH PRE ohRde sERh b8
i n Unexam ned Japanese Patent Applica- tion Laid-Open Specif

Yt descri bed
ti.on Nos.

i
cREsing angiRrabeiei Wiy respagfdf b 8328 ﬁ&gfté’rer ed t hat
ion is_performed by the purjfication th of .the present
cﬁmE%ﬁb$F5e§ts%% B%?f%ﬁf dgthat F%%CY?£EEH$£hL$¥P?EP§%n i nuous

rahydy of ur an, bein dded in,_an
PRECHNIE BVALE B it

1 ich 1
$HS ot 150 A SO o LD BFadElof o0 12

drofuran at a
%ﬁEGGO Torr,

t han

Wt the addedthet ?»%ﬁ%hﬁ%#ﬁ?%%& oy St L ofnd ﬁ?%é*n%?%%%f( Ffecoms
yr o HEPdSe of "Yhis ™ becomes -
BRI AP MR SEELEG: (PG, WLBRUY Paps] pobs NepsabLghgigat i on

possible to s
of 10 NPG in

10

15

20

25

ensatl on system a and
from 0.3 to 0.8. The preferred range of the revolution

speed of the stirrer greatly varies depending on the
structure of the impeller. Therefore, the revolution
speed of the stirrer is controlled in accordance with
the structures of the reactor and impeller so as to
give a motive power (P} within the desired range. Ba-
sically, it is preferred that the impeller has a struc-
ture such that a large motive power is obtained by a
slow revolution speed.

One method for improving the agitation efficiency
of the polymerization reactor is to increase the motive
power. Excellent agitation efficiency is achieved when
the motive power (P/V) applied to the liguid per unit
volume thereof {wherein P represents the motive power
(kW) applied to the liquid in the reactor and V repre-
sents the volume (ma) of the liquid in the reactor} is

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



separated NPG can be recycled to the copol ynerization__syste n addition,
t he obt ai ned oxytetranethylene glycol copolyner is tgéwﬁﬁ¥#§§g$able
because it con- tains only a very small anmount 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 nethod @ff the present invention exhibits
highly im proved | ow tenperature properties due, for exanple, to |ow
melting point and | ow glass transition tenperature. 20 Therefore, elastic
fibers (e.g., a&pbiyekhepnecingreesefohethe areptyioet habhe. elbhsis cP¥eéber and

the like), a polyurethane resin, a polyester elastoner and the like
havi ng excel | enfe¥%R# t eppBalse uklke pP Hpevalus anlaegeras Poesibleing the

oxytetranet hyl ene gl ycol copolyner of 25 the present invention. 25 June
2005 59 Furt herHoW8VexX, e ebu¥ fReT bimpreveRenodi of acihbeved ca¥eR WhRRnt i on,
ot her oxytetranet hyl ene glycol copolyners having excellent |ow tenperature
properties canthfe HrbdREe yecemes i tandel W ner diol for NPG 5 In

anot her aspect of the present_invention, there is provided a nethod for
puri fyi nS an oxyt et FAHRMRA efePT gHRIAVicKh A9t e merf Hiciency of
copol yneri zing tetrahy- drofuran and a diol represented by the foll ow ng
for- 10 nul a (JBEGF?e%§§¥?3}%???%$ﬂ)¥t(3$(QFﬁﬁﬁﬁaﬁﬁrth@F he ratio of

the volume of the catalyst phase to the volume of the
liquid in the reactor (CV/V) {wherein CV represents the
volume of the catalyst phase in the reactor and V

10 re?resents the volume of the liquid in the reactor} is
from 0.1 to 0.9. In the continuous polymerization re-
action of the present invention, when the CV/V value is
high, a satisfactory polymerization reaction can be
achieved even when the 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-




15 wherein each of Rl and R2 independently repre- sepnts. a hé&ﬁggen atom or
a hydrocarbon group having from1 to 5 carbon atom;,5 of p, g and

r independently represents an inte 20 ger of fromO to 6, with the proviso
that the sumof p, g and r is not less than 2, froma copol yneri zation
reaction m xture conprising an oxytetragsgthylene glycol copolynmer and the
unreacted diol, which conprises subjecting the reaction m xture 25 to
continuous distillation in the presence of fresh 25 June 2005 60

t et rahydr of ur arerat rat tempet athe eredc iam B tten HED fEefisxwbyla J@Essure of
from5 to 760 Torr, the fresh tet- rahydrofuran being added in an anount
whi ch is not |pws ont Hasd hankitgld lafw tohay gemnr eaatioeoh tohiadiiotomtaa ied in the 5
reaction mxture, to thereby distil off the unreacted diol fromthe
reaction nm xt il her mextforntiongdied pdlatmeatiydriofur areadtstaxplrai ned
above, the essential feature of the purification nethod for an

oxyt et r anet hylameaiglogmdiesp-ofl Arpdingmr gassi daxch rast nd trgeralgasf, an
unreacted diol. By the purification nethod of the present invention, it

has becdne podwlgium fags .t ardan gag jansl meare@dss a diol  from an

oxyt et ranet hyl ene %Inycol copol ymer without causing the clogging of a
condensati on tube &nh@gopodomers z@tiiicreweroiion mixtgirel obdiaigiefd d& at ar ound
roomtem perature. Further, a diol which is separated by the purification

met hod of the Predave-Rafiiciek amer easi be defic|sdd ko afifer the

copol ynmeri zation reaction system
termination of the polymerization reaction to thereby

effect a phase separation of the reaction mixture into

10 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.

15 However, since the reaction-formed organic phase con-
tains unreacted raw material monomers and a sméll
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

20 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 Patgnt Application Laid-Open Specification Nos.

25 Sho 60-203633, Sho 61-120830, Sho 61-123630, Hei 6-




The purification nethod of the present invention 20_is_a Bgd for
purifying an oxytetranethyl ene glycol copolyner, obgé#ﬂﬂﬂggb——

copol yrmeri zing tetrahydrofuran and a diol represented by forrmula (1)
above, froma co- polynerization reaction m xture conprising an oxytetra-
met hyl ene gl ycol copolyner and the unreagged diol. The 25 copol yneri zati on
reaction m xture which can be sub 25 June 2005 61 jected to the
purification method of the present inven- tion is a reaction mxture
obt ai ned by subj%ct. Mpi t%et29hyidh,oHedad 0aBdsadldi Heir 2pr83éARednByHedr nul a
(1) above to a copol ynerization reaction by using an inor 5 ganic acid
catal yst, and ¥he88H&{Dr conponent of the re- action mixture is an

oxyt et ranet hyl ene gl ycol copolymer having a nunber average nol ecul ar

wei ght of from 250 Hegeig@Edowlh&nc @3 hanetiios iien madec ono@ng eXamphehi ch
can be 10 subjected to the purification nethod of the present in- vention
i s expl ai ned B cwrBHddigatd sy apnaesowhdadl slan &g esarficagnesy afdreful a (1)
above include ethylene glycol, propylene glycol, 1, 3-propanediol,

1, 4- but@&nedi olProduimng N RSt lyme1s bys ’Cﬁ’éhm‘témdoIOf the [fé?ﬂ%‘f@dll(ﬂ'

1, 3-pentanediol, 1,2- pentanediol, neopentyl glycol, 1,6-hexanediol, 2-
nethylbutane fﬁQWﬁQH 1,7- heptanediol and 1, 8-octane- diol. The di ol may

be used i ndivi dual | in conbina- tion. Anong the above-nentioned diols,
et hyl ene egcoI G¥ﬁr8ﬁﬂ@9%9 which. &ﬁoﬁ&@é&?&ﬁd £rem, fhenedi ol , 1, 3-
but anedi ol , tpﬂﬁé(t ane . ent anedi ol , 1, 3- _pent anedi ql

1, 2- pentanedl lﬁ%ﬁs%ﬂﬁﬂxﬂ lfcted to distillation to therxeby

remove a portion of THF remaining in the organic phase.

10 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

15 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-

20 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-

25 ing on the area of the heat transfer and the retention




met hyl but ane- 1, 4-di ol , 1, 6-hexanedi ol, 1,5-hexanedi ol 1, 4- nedi ol ,

1, 3- hexanedi ol and 1, 2- hexanedi ol which 25 are diolsgﬁhﬁﬂﬂgigﬁﬁg 6 carbon
atons have a relatively 25 June 2005 62 | ow boiling point, so that these
diols can be easily recovered by distillation. There is no particul ar
limtation with respect to the inorganicggacid used to obtain the reaction
mxture 5 as long as the inorganic acid exhibits the properties of a
BrOnsted acid or a Lewis acid. An inorganic acid which is nost suitable
for the catal y¢timesia hbeereacpdbpasiydter, hbter thel ghstdlilsatannaprds-
obt ai ned by the condensation of an oxide of at |east one netal species 10
sel ect ed from sh¥egisupredesadindgnotheokgbdenam £xbin, 0.2ubgsbenatVy and
vanadi um (V), and an oxyacid of other elenents, such as phosphorus (P)
silicon (Si), ansedidtipns) itgésnpnefereed) thatr bhe (@pgreet afii vacumm)
cerium (Ce) and cobalt (Co). The atomic ratio of the netal 15 species (any
one or nore of 1fRe8PsTegreereoreofirrhmaipgtaipinsgnthet tagperatreVvwdnd V)
contained in the heteropolyacid to other elenents in the heteropolyacid

is 2.5 Po 12. the meréispomgdérm fay peolinghendoeppdengimgChhe2disted acid
or a salt thereof. Specific exanples of heteropolyacids and salts thereof

i ncl ude phosph&ila6hlyBHF caficraomphespabatingst PE atsher phasPhbhdl $8do-
tungstic acid, Ehosphonnlybdovanadic aci d, phospho- nn%gbdotungstoyanadic
aci d, phosphot BR§&t BFaNaarEmaef d6095TPEESsPRok®FFbE®nPHBFeraefdgtor im-

silicotungstic _acid, siIicg,ZS_June 2005 L .
proving the distillation rate. Therefore, distillation

of THF is preferably performed under 200 to 600 Torr.
10 Next, a saturated hydrocarbon having 6 teo 10 car-
bon atoms (Cg-C;p saturated hydrocarbon) is added to
the organic phase to thereby remove the residual cata-
lyst. A Cg-Cyp saturated hydrocarbon is preferably used
for reﬁoving the catalyst. and examples of such satu-
15 rated hydrocarbons include cyclohexane, cycloheptane,
cyclooctane, cyclononane, cyclodecane, methylcyclopen-
tane, methylcyclchexane, 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,
1 to 30 wt% of THF and 10 to 89 wt% of a séturated hy-
drocarbon. A saturated hydrocarbon is used as a poor
solvent for insolubilizing the heteropolyacid catalyst

25 dissolved in the oxytetramethylene glycol copolymer.



63 nol ybdic acid, silicomplybdotungstic acid, silico- g&lébggbgngstovanadic
aci d, germanotungstic acid, boro- tungstic acid, bor i I d,

bor onol ybdot ungsti ¢ acid, boronol ybdovanadi ¢ aci d, boronol ybdotungsto 5
vanadi ¢ aci d, cobaltnol bdic acid, cobalttungstic acid, arsenonolybdic
acid, arsenotungstic acid, titano- nolybdic acid and ceronol ybdic acid, and
netal salts thereof. For perform ng the copol ynerization reaction, an 10
i norganic acid as a polynerization catalyst, THE and a diol as raw

mat eri al nononElowesed , awheac tthen okgtet ramethyaeneugegcodpeepbilgmexanpl es of
reaction termnators include water and a diol which is a copolynerizing
monorer . 15 Thaizegokyheilyzatiithn ar eattiratelishpérberredni, nthe topophase
reaction system which conprises an organic phase conprising a solution of
a diol in tetraeydrod theasatamdtedt bydabydrbbur aspagateusinhet ewopol yaci d
phase (hereinafter, frequently referred to as a "cata 20 |yst phase")
conprising a séfiauidnpbhsas agdeths shéeteabpdl hpdrdcaabahydk incapa-
tetrahydrofuran and having a specific gravity of from1.8 to 2.3. The
oxytetr & nethplenefgeybabitopol aneatpsbdatedybgffhetcapohypepi- sgati on
reaction is dissolved in the organic phase. 25 The inorganic acid used as a
catal yst is spH¥fhfgl yW'o5 gekeingOchisy prsthdse, iTHRwhintlydious gedd but wel |
soluble in a mxed solvent prepared by adding a small anount of wa- ter to
THF. The reasofi°ch§nthéornbhgafntadkst £8 ¥sed-in an amount such that

THF functions as a surfactant for preventing the phase
separation of the oxytetramethylene glycol copolymer

10 and the saturated hydrocarbon. Therefore, it is pre-
ferred that the residual THF is contained in the or-
ganic phase in a minimum amount which prevents the
phase separation of the saturated hydrocarbon and the
oxytetramethylene glycol copolymer. The saturated hy-

15 drocarbon is used in an amount which is not less than
the weight of the oxytetramethylene glycol copolymer so
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

20 catalyst.

Only a very small amount of the catalyst phase is
separated from the organic phase by the addition of the
saturated hydrocarbon and, thus, a portion of the sepa-
rated catalyst phase gets mixed with the organic phase.

25 Therefore, it is preferred that the organic phase is



ble in m xed solvent of THF and water is not fully elu 5 cidated, but it is
considered that a small anpunt of water is coordinat e nor gani c
acid. The reac- tion system separates into a two-phase reaction system

whi ch conpri ses an organi c phase and a tetrahydro- furan/agueous inorganic
aci d phase having a specific 10 gravity of,from1.8 to 2.3 by adjusting the
anounts of water, a diol, THF and the like which are present in the
reaction system The copol ynerization reaction for producing an

oxyt et ramet hyl €aé tgkgaolheepahy BEFiadRrb8aRehfioaMpdren didmeteRabghwi se
manner or a continuous nmanner. There is no particular limtation with

respect to thamt egpeeakur eafpil1tbe ROPOLY BIpIRd | Mah&BEE| O @S5 (hPNY as
t he copol yneri zation reaction proceeds at that tenperature. However, for
i ncorporating @roiessr ésduskd2@ontliatelresfEntheacatpoyephabai norad
dehydration reac- tion is generally required. For perform ng the dehy-
dration reacti efifictienslgecessary to conduct the co- polynerization
reaction at a high tenperature which is not lower than 50 C. Further, for
avoi di n§ the heat 2Bftlerotpesfiilbtnation protesamd the dmpohynefithsi on of
the 25 June 2005 65 produced oxytetranethyl ene glycol copolymer, it is pre-
ferred that theatadgstonenaipéngt inethe ovytebraméehhpletB0glyc&bpectal |y
when the copol ynerization reaction is perfornmed at a tenperature in the
range of fromBSlgmes BecaneshdOBerpmderolpssi t ikur dfurthinldegmeasde de-
pol yneri zation of the produced oxytetranethylene glycol copolyner are
suppr essed, an@Rghtheopdtyhestzaentantant the oxytetramethylene gly-

col copolymer, the organic phase as such can be con-

10 tacted with a solid adsorbent, such as an activated
carbon, calcium oxide, magnesium oxide, cerium oxide,
zirconium oxide, alumina and silica alumina. The
treatment with the adsorbent is performed at a tempera-
ture wherein neither the solidification nor the boiling

15 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.
The amount of the residual catalyst in the oxytetrame-
thylene glycol copolymer can be decreased to 10 ppm or

20 less by treating the organic phase with a solid adsorb-
ent. An activated carbon is preferably used as a solid
adsorbent for removing the catalyst.

The resultant organic phase comprising the
oxytetramethylene glycol copolymer is a mixture which

25 additionally contains THF and NPG which are raw mate-



be perfornmed under |ow pressure conditions. Further, \A‘/?&n é:@r!E nor e di ol

nol ecul es are incor- 10 porated into a copol yner ch ction rate
can be inproved by w thdrawi ng water by-produced by the re- action from
the reaction system Wth respect to the nethod for w thdrawing water from
the reaction system there can be nentisgned a nethod in which an
azeotropic 15 vapor of water and THE are distilled off fromthe reac- tion
system and THE i n an amount which is equivalent to the anpunt of THE
removed by thElaZBeROPEES dRRE| ¢ | ateraked shYy@eHrn F3¢e FRacteon
m xture. This water w thdrawal process can be perforped in a continuous 20
manner or an TPRYERF Fhentababnet; SCh PMitans Sfn P& ubsesdgsk in
perform ng the pol ynerization opera- tion, the water/THF vafor IS
conti nuously WPt HaF BRLOF rBeR tHen e R T -SSRl SRR Risl y and
con- ti nuousI% feeding THE containing only a small anount. of 25 water to
the reaction S§R% RVOBLH0M LD RN | THY hi NPGreATMb 18 1R LR pi ¢
distillLation of wa- ter and . THE can b erforned either by withdraw ng the
gaseoud phase KTRTRERED!  Prd SHRRIEIe RS0 HESTR FER PEAStRon system or
by separating.the reactjon system5 jnto the catalyst phase and the organic
Dhaser 1 ol | vt ery Ch g AL 1o i Rl b ihe Wisrent TRt and
THE from the separated o ni hase. . | he thg‘in i.ch .water and THE
are renoved %/grézae%tf?f)p#%a%llfsltjﬁq acffi%nﬂ?ébmw[g% eg‘ Fi 88 s)}ssgel\rﬁc? - 10
taining both She ALGRNS, MARGA0T Lhe £alel vt MANGrd! NfaltdEed™
fraction of water 1n the catalyst’ phase
into a saturated hydrocarbon phase and an oxytetra-
10 methylene glycol copolymer phase, and the saturated
hydrocarbon phase can be removed from the oxytetra-
methylene glycol copolymer phase. The thus obtained
oxytetramethylene glycol copolymer phase is a solution
containing 30 to 70% of an oxytetramethylene glycol co-
15 polymer, 0.02 to 10% of NPG and 30 to 70% of a satu-
rated hydrocarbon. NPG and a saturated hydrccarbon
contained in such a scolution can be removed by not only
the purification methcd of the present invention, but
also the conventional purification methods, such as a
20 method described in Unexamined Japanese Patent Applica-
tion Laid-Open Specification Nos. Hei 9-291147, Hei 10-
87813 and Hei 1-92221. However, it is preferred that
the purification is performed by the purification

method of the present invention which comprises sub-

25 jecting the reaction mixture to continuocus distillation




i's higher than the nol fraction of water in the orgm t he nol
fraction of water in the total of the organic phas tal yst phase
is higher than the 15 nol fraction of the organic phase. Therefore, this
met hod i s considered to exhibit higher water renoval efficiency than a

met hod in which the organic phase is seggrated fromthe catal yst phase
and, then, water is renoved fromthe organic phase. Further, in this 20
met hod, a lowering of the inner pressure of the reactor for |owering the
boi I i ng poi nt iof tkes eyréseredd el ifurestf orefrginoirofundre atateertepndriranal
rate. However, in a nethod in which water in the reaction system
conprising bdture hef dinpmi&d gladé arid nedemtanl prasgpires el Fnom 5 twpved
with THE by azeotropic distillation, when the wa 25 June 2005 67 ter
renmoval is perfied armt thehifpestedattimghydnafungh baimg addeqd dfe®n heat of
vaporization necessary for the azeotropic distillation adversely affects
the reacti on amoawdr ahirgh i3 pradcilssscdihanmitheg weahtead ithe Hsera- 5
ture may becone difficult. For renoving water while naintaining the stable
pol ynerd zat i oRctest GigH cmdiadingss in thes pRagteeesixtygme .t A€ reaction
systemis separated into the organic phase and the catal yst phase and,
then, the azedhedishy Hshbd @i dhenarngmeagiedrigiqls fgam, &G rhAhe
organic phase. In this nmethod, it is preferred that a part of _the organic
phase wi t hdr a5 thegetae rdifhs e Added tatnalydnod i r 5%t i on

system so as tgQ achieve a _prede&fprm ned retention ti % For é}__rac%otlaum ng

an oxyt et r anety ST @%,éa}lscm d, 1t becomes possirg':i'e sep

the unreacted NPG without causing the solidification of
10 NPG in a condensation system and the like, and the
separated NPG can be recycled to the copolymerization
system. In addition, the obtained oxytetramethylene
glycol copolymer is thermally stable because it con-
tains only a very small amount of low molecular welght
15 components which are easily decomposed by heat.
The oxytetramethylene glycol copolymer obtained by
the method of the present invention exhibits highly im-
proved low temperature properties due, for example, to
low melting point and low glass transition temperature.
20 Therefore, elastic fibers (e.g., a polyester elastic
fiber, a polyurethane elastic fiber and the like), a
polyurethane resin, a polyester elastomer and the like
having excellent low temperature properties can be pro-
duced using the oxytetramethylene glycol copolymer of

25 the present invention.



mer, the anount of oxygen present in the reaction S)éﬁ temgg'ﬁfuppressed to
a level as |low as possible for preventing the disc t he

oxyt etranet hyl ene gl ycol copol yner which is caused by the presence of 20
oxygen during the polynerization reaction. Specifi- cally, the oxygen
concentration of the reaction system isgpreferably 1000 ppmor |ess, and
the | ow oxygen con- centration can be achieved by perform ng the polyneri-
zation reaction in an atnosphere of an inert gas, such 25 as nitrogen gas,
hel i um gas, argon gastiret nedn iganot2s tiwad 2G0XHes m@tdred lof the '
copol ynmeri zation reaction mxture ob- tained in the above-nenti oned manner
is left still prxfdsesrt tinverdriimatd tdremfoxte tramatdhyilens @l yasdcti on, a
phase separation of the reaction mixture into a reac 5 tion-formed organic
phase cont ai nigapalymeng thatving reptdellemd dlope dlerpss ing kaaPer td&sal yst
phase occurs. |If only the reaction-fornmed organi c phase thus obtained is
recovered a | araye hpamrasuasate v|sphgtiitating emotheny dicgdofiosi A& in the
reaction m xture can be renoved. 10 However, since the reaction-forned

or gani c® phase con- tains a small anount of the catalyst, it is preferred
that the residual catalyst is renoved before performng the purification
nmet hod of the presdit anptder Gspedxef dhecpgessali daveativde dREERe
exanple of a 15 method for preparing a reaction m xture which can be
subj ected to tife PFiideta & thadh OO PYHEYING AN Y. teleaANIRY 1FRe
organi ¢ phase which is separated fro_mth% cat al{rsr,nt Ip,ha.se IS suly’ ected to
distillationlﬁ}ﬁqﬂiwﬂﬂPOlYmer' obtained by copol. erizing tetrahy-

drofuran and a diol represented by the following for-

10 maula (1):

R’
\ /,L\ { A ) (1)
HO CH OH
—foz)- ]

C [CH2
| r
R2
q
15
wherein each of R' and R? independently repre-
sents a hydrogen atom or a hydrocarbon group
having from 1 to 5 carbon atoms; and each of
p, g and r independently represents an inte-
20 ger of from 0 to 6, with the proviso that the

sum of p, q 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




20 renove a portion of the THE remaining in the Orgag#é¥£§£§§9¥lt i's
preferred that the tenperature for dis- tilling off he range of
from40 to 100 C.  Since a snmall anpunt of the polynerization catalyst is
al so dissolved in the organic phase, the exposure of 25 the organi c phase
to high tenperatures for a long tinme 25 &ene 2005 69 may cause probl ens,
such as depol ynerization of a THE term nal of the oxytetranethylene glycol
copolymer, and incorporation of the unreacted diol into the oxytetra-

net hyl ene glyc*@ﬁt%‘mfmfé%rq;y adthea degnrerd tere ohderss 80 t+onldiieen a
part of the unreacted diol and the oxy- tetramethylene glycol copolyner.
Therefore, theitfler & pregswie G THEM S5 pref BUBISFHe it nBER st et el a-
tively low tenperature, that is, a tenperature which is _ not nore than 70
C, nore pref erdi¥fzRfyrppdedng #aden t haran ARQHts st et tifss
distillation pressure may sli gﬁr;é_! vary dePendi_n on the area, of the heat
trans- fer andhafe tha SRILH 9 %Ef uEeiated Aiah @R RRY 1Ryt in

general_, the distill atio_ntpressure i.S t%’)refe_rab_llzl in the range of%{]rom 0.1
to 5 atin In FFRACHSY Mixtyne i o rdrerehy Gkl RFLdhededdtiimis 200

Torr or nore for i ntai,ning the tenperature of the cool.ing nedi for
S0l i ng and" coThanRy (e head i AG PR SoRshRa et (e 94 her
and the degre f__.vagu of 600 Torr or less is preferred for inproving 20
the distillat &oeﬁﬁa&yga?r%a&'or e, distillation of THE is preferably

per o e e 200 I s WSSO U ta T et
purification method for an oxytetramethylene glycol co-
10 polymer resides in the removal of an unreacted diol.
By the purification method of the present invention, it
has become possible for the first time to remove a diel
from an oxytetramethylene glycol copolymer without
causing the clogging of a condensation tube and a con-
15 ' duit even when the diol solidifies at around room tem-
perature. Further, a diol which is separated by the
purification method of the present invention can be
easily recycled to the copolymerization reaction system.
The purification method of the present invention
20 is a method for purifying an oxytetramethylene glycol
copolymer, obtained by copolymerizing tetrahydrofuran
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-



limtation with respect to the nethod for renoving tgg 25 gsﬁdual

catal yst, and there can be nentioned a nethod 25 Ju i ch uses a
colum for renoving the catalyst (i.e., a catalyst renoval colum), a

nmet hod whi ch uses a hal ogen- type solvent, and a nethod which uses a
saturated hydrocarbon. 5 \WWen the catal gt is renoved by using a catalyst
renmoval columm, the organic phase is passed through a colum packed with a
solid adsorbent, such as an acti- vated carbon, cal cium oxide, nagnesium
oxi de, cerium jexte@, tai tivenpund Hixite ol metinagd aoll 1Hd i sdntminarerd0 The
treatment with the adsorbent is perfornmed at a tem perature at which
nei t her soli di tigatisna noeadioidn myi:ofurd hebioaigeed dypradejeadring. | n
general, the treatment wi th an adsorbent is performed at -30 to 100 ' C,
pref- erably atefraydfoffjramwrandrefdiablgemtedéntes 3y Goridillan (e net hod
whi ch usesa hal ogen-type solvent, a hal ogenated hydrocarbon having 1 to 15
carbon atons, abeord s &htopofyprenizatiigs orerct fdudnoatdiage an rinor-

chl or of | uor oet hane or chl orobenzene, is added to the organic phase to

t her ebySpreci pharte atkd cecatdlwat, 2004 rthehanahorbmptircintegf e ae-
saturated hydro- carbon, a saturated hydrocarbon having 6 to 10 carbon
atons i s addedreBiemanirims ¢l ias X a irangihwlerg aly calheanoshimeint

m xture into two phases. This nmethod is especially preferred because not
only is high thaviRg 2 mmkes auerRRaf maisatlarwelght A Frofe 319G KEQf -
causing a 25 Jsuonc?o 2005 71

The copolymerization reaction mixture which can be
10 subjected to the purification method of the present in-
vention is explained below.
Specific examples of a diol represented by formula
(1) above include ethylene glycol, propylene glycol,
1.3-propanediol, 1,4-butanediol, 1,3-butanediol, 1,5-
15 pentanediol, 1,4-pentanediecl, 1,3-pentanediol, 1,2-
pentanediol, neopentyl glycol, 1,6-hexanediol, 2-
methylbutane-1,4-diol, 1,7-heptanediol and 1l,8-octane-
diol. The diol may be used individually or in combina-
tion. Among the above-mentioned diols, ethylene glycol,
20 propylene glycol, 1,3-propanediol, 1,4-butanediol, 1,3-
butanediol, 1,5-pentanediol, 1,4-pentanediocl, 1,3-
pentanediol, 1,2-pentanediol, neopentyl glycol, 2-
methylbutane-1,4-diol, 1,6-hexanedicl, 1,5-hexanediol,
1l,4-hexanediol, 1,3-hexanedioi and 1,2-hexanediol which

25 are diols having 2 to § carbon atoms have a relatively



corrosion of the apparatuses used in comercial pl an% I| ﬁe'ﬁiﬁg A C6-C10

saturated hydrocarbon is preferably used for renovi yst, and
exanpl es of such saturated hydrocarbons include cycl ohexane, cycl ohep 5
tane, cycl ooctane, cyclononane, cycl odecane, nethyl- cycl opentane,

met hyl cycl ohexane, 2-ethyl hexane, n- hexane, n-heptane, n-octane, n-nonane
and n-decane. As expl ained bel ow, when &%aturated hydrocarbon alone is
distilled off fromthe m xture of the organic phase and 10 the saturated
hydr ocar bon, a_| ow_mol_ecul ar ,wei ght r .hoRRI% REAnBHar ek@sgycar bon
atoms is preferP¥Po F KRV el 2 \}\:/E'Xeé% gﬁggt‘l%upéte hygrocar bon |yg di s-
tilled off together with_ a di.al added THF, for facilitating the
recycling of tHAEONEGES &Y 5¥3§Q%g§%n15 which is distilled off fromthe
m xture, it is pre-_ferred that .Sat hed 1 hudHenaklAen respeetwbch is
capabl e of being sepRFa&fedS P%n%&,l%%als%glgnlt he dif- ference in boiling
point. That is,.a preferred safur I£4 NEHG3 RoR IresttSainUmdketire

hydr ocar bon haiﬁﬁb 9ﬁ9%ﬂl%ﬁ§%#%é#%%ﬁ atons which has a boiling point
differ- ent from that qof E. Af he RAdd 600 ift d Rhes Pirivpirades
hydrocar%on to 2% tr}é’a"'gr gaésn;@ggepﬁése, at le organi ¢ phase has the foll ow ng

conposi tion: 1Q e A of ARBIMEARE Oby 2hoghndopabyder, 1
to 30 wt % of TI%—ft %n%?ggsitoec% vvtdoz%gf a 25 June 2005 72 saturated

hydrocarbon. A saty aledhdmdracarion iiise ddorisal tteror
i nsol ubi I'i zi ng e heteropolyacid catalyst dissolved in the
oxytetranet hyl ene alyGp! GO0neRelrWRILyadaweuer anvaendt bbtadped: bansbryl ene
gl ycol

condensation of an oxide of at least one metal species

10 selected from the group consisting of molybdenum (Mo},
tungsten (W) and vanadium (V), and an oxchid of other
elements, such as phosphorus (P), silicon (5i), arsenic
(As), germanium (Ge), boron (B), titanium (Ti), cerium
(Ce) and cobalt (Co). The atomic ratio of the metal

15 species (any one or more of metals selected from the
group consisting of Mo, W and V) contained in the
heteropolyacid to other elements in the heteropolyacid
is 2.5 to 12.

The heteropolyacid may be in the form of a Brédn-

20 sted acid or a salt thereof. Specific examples of
heteropolyacids and salts thereof include phospho-
molybdic acid, phosphotungstic acid, phosphomolybdo-
tungstic acid, phosphomolybdovanadic acid, phospho-
molybdotungstovanadic acid, phosphotungstovanadic acid,

25 phosphomolybdoniobic acid, silicotungstic acid, silico-




5 copolyner is mxed solely with a saturated hydrocarhop, copol ymer
and the saturated hydrocarbon separate into two qugédﬂgﬂéég§§and t he
saturated hydrocarbon is incapable of exhibiting a satisfactory effect as
a poor solvent. For solving this problem THE which is a good 10 sol vent
for the catalyst is used in an anbunt such that THE functions as a

surfactant for preventing the phase sepddtion of the oxytetranethyl ene
gl ycol copolynmer and the saturated hydrocarbon. Therefore, it is pre-

ferred that t heehhrducl Tk L31900ha108AoLnb0R A8 adBag20h g phace |0 3

m ni num anount revent's € Sepa ion of the Saturated

hydr ocar bon- angoh g aoXiKLRLEIIRLAYLCNR: 6! YGOLnaRBPLKARE 1 < THE: §a1 ypated

hydr ocarbon is us anoun ess e wei ght of the

oxytetranethyl%ggggkggogcggpgggggﬁo €b89ct985dthBoéBﬁP%SEEQtQM?%?EérbO”

functions effectively as oor solvent for the catalyst an e anount of

the ~saturat edbydr opgrBAB1yBasYLhbRLENACLRY FEEBNbIgDERE nERLELYSt. Only a

very small anmount of the catalyst phase I's separate romthe organic

phase by the addhbihoR akihNec4BadtE18892 Zéiﬂ?tH&@éfgtﬂﬂeé9£éfgaﬂd nd,

a
thus, a portion of the sepa- rated catal yst phase gets mxed with the

or gani ¢ phase-arzeﬁ5ﬁ59§saibtahiapr§£§éﬁ89uﬁaé£i&h&CQEgaeheaﬁbase is
filtered through a filter having a pore diangter of 1 mor less. Afilter

having a pore gbagBhet 8Eif- BnAMbePbmbEPboie HELE,tanhi hbea106h1the
catal yst phase nore efficiently. After the filtration process, the anpbunt
of the 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 agueous
heteropolyacid catalyst in tetrahydrofuran and having a
specific gravity of from 1.8 to 2.3. The oxytetra-
methylene glyccl copolymer produced by the copolymeri-
zation reaction is dissclved in the organic phase.

25 The inorganic acid used as a catalyst is sparingly




catalyst remaining in the oxytetranethyl ene glycol cg- &0 gguigfr becones
100 ppmor less. For further decreas ing the catalys S t he

oxyt etranet hyl ene glycol copolyner, the organi c phase as such can be
treated with the catal yst renoval columm nentioned above. The anount of
the residual catalyst in the 15 oxytetranethyl ene gl ycol copol yner can be
decreased to 10 ppmor less by such a tré&atnent. The resultant organic
phase conprising the oxy- tetranethylene glycol copolynmer is a mxture

monomer s and aSEaPhiGroh RpcrBRErEane Buh- Bper B ThoePREB ReThaRa yet - such
a mxture can {agxaabwi{,ggt beblgeRupl LaaLLaNTERRO] Obolhe BECHE

i nvention. ernatrve ur &¥ can subjec
rification net prese N t P THF.
When THE is di gtgfql ?édﬂg fllr%ge q{ehd ru C?%'Of%a%l?urdeld o E'?Jelsuul t ant

m xture separajgs &Ftﬂi e§al Y1 ég%egfhygﬁoggabQ?EQPgi 8¢ gﬂﬁigrElu“

oxyt et ranet hyl ene glyco copo yner phase, and aturate ocar bon

phase gan be pegnyed fromipe; Qxefzaﬁéiagf%&y{ﬁgﬁ 21 ¥£i811GnguRP! YEET Phase.

Next, a detailed explanation is nade on puri y|ng an
OthetranEthy|ﬁ9€e9'¥§0é089@9$a€@& t% EQP £M£8r§é§&'0WnL§a£é&@m
m xture conprising an oxytetranethylene g yco copol ymer and an unreacted

10 diol. The puibhi spbton SBEARHOL {h€o PECERHI phAYENLLELBL1ERTBYLEER
subjectlng the reaction m xture to continuous
which comprises an organic phase and a tetrahydro-
furan/agqueous inorganic acid phase having a specific
10 gravity of from 1.8 tc 2.3 by adjusting the amounts of
water, a dicol, 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




distillation in the presence of fresh tetrahydrofura t a erature of
from80 to 160 C under a pressure 15 of from5 to 76 & fresh
tetrahydrofuran being added in an amobunt which is not |ess than the wei ght
of the unreacted diol contained in the reaction mxture, to thereby
distil off the unreacted diol fromthe regg- tion mxture together with the
added tetrahydrofuran. 20 The reaction m xture which is subjected to the
pu- rification method of the present invention nay or may not contain a
sat ur at ed hydr aozndored Twy tesdastniedthytiene tgliyecdbtcaiprdgmisyr - drip\isn grtehe
catalyst with a saturated hydrocarbon contains 30 to 70 % of an

oxyt et r anet hyl difrEsi gthatb|theoprdaotdion GedPera tire)oist mtdimsirearkha®) to 70
% 25 June 2005 75 of a saturated hydrocarbon. On the other hand, when the
catal yst is refd\ed Gt BESpecielpy whent that edpohyneoiaabban Feackkanpl e, by
using a catalyst renoval colum, the resultant reaction m xture contains
20 to 5 99 % oflsaPerfamahrid: By ltempegfygle dapdihenwange o £30MBSS THF

and 0.02 to 10 %of a diol. It should be noted that the reaction mxture
may or rPay not toft%if. e hfgdn desempesgditiion wifkeuddodomnd fbeofey a
small amount of THF, a l|large part of THF has been renoved 10 during the

renoval of the PReA¥AIgKzatfiigdy ©f,the pyodred oxy tetaanethylenei gyve§lan
oxyt etranet hyl ene gl ycol copolyner froma reaction m x- ture containing a
saturated hydr %&”gé%!QW%ﬁutPWéesﬁﬁéwnﬁ‘ﬁéstP@ £oPRAYEEEE ZGEAPRI €80 on
met hod i n whi c%gﬁ 15 saturated hydrocarbon is renmpved together with unre-

acted di ol and P&n BERFQFmRd- unded oM PReSSNTEn CoRE1diops-

Further, when 2 or more diol molecules are ;ncor—

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.




and the other node is a two-step purification nethod in mhicE ? sat ur at ed
hydrocarbon is distilled off froma reaction m xtur uge step and,

then, the unre 20 acted diol is distilled off together with the added THF
fromthe reaction mxture in a second step. The one- step purification
met hod can be used for purifying an oxytgéranethylene gl ycol copol yner
froma reaction mx- ture which does not ntain a saturated hydrocarbon.
25 The one-step purification nethod is explained be 25 June 2005 76 | ow

referring to Fig. 41pFithis?metndasChemRizeodirdghidmaiiewinatakneediae of
the continuous purification systemfor performng the one-step

purification midio@nEhiTeF icantsRd gedifditthed lelifthie?d viyh & i PRdreiwidgetthg ene
gl ycol copolynmer of the present invention. A reaction mxture is stored in

reaction m xt urgseodi?K phe s &olpd sle@ Ufe_tmp%&e@&rrb?% QlapdirsthirohAtihen
colum 26 by using punp 24. In distillation colum 26, 10 the distillation

tenperature i s r@idtidinnegsalemB0rt y LedaBatAhgoxhee read@iby & teimycol
copol ymer exhibits alnost no vapor pressure at a distillation tenperature

from80% 0 160 iGtandhe! katallyhe onpse! aadeithy otgapliy- phelsesoFolldmedas
such flows downward to the bottom por 15 tion of the distillation colum.
On the other haydthe wiahdrawed bYdiheaskzentaopie dapbr it katesaahnidon m X-
ture are converted into a gaseous conponent and sepa- rated fromthe
oxyt et ranet hyl 8¢ dgirpooltheopeppratediAoreaplia phdsabove, since a di ol
solidifies at 20 around roomtenperature, a diol which is separated as a
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
crganic 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¢c 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-




gaseous conponent in the distillation colum is Iikek%%%iggjgkggify I n
condensi ng neans 27 which is provided in the downst

distillation colum and cause problenms, such as clogging of a conduit. In
the pre 25 sent invention, for preventing such a solidification of 25 June
2005 77 the diol, fresh THF in fresh THF gank 29 is vaporized using
heating nmeans 31 and the resultant gaseous THF is fed to the bottom
portion of distillation colum 26 via punp 30 so as to distill off the

di ol together WefhTeRevas fseprrfarmednatha pigbenearhdent rate sheh'fresh
THF" neans a newy added THF and it is different fromthe residual THF in
the reaction nith@fr &bghilafend beatinpfaveparirEtipBnBAEeSSTRE £PESKREHF may
be an unused THF or a recy- 10 _cled THF nentioned bel ow. Wien a | arge
amount of the PRESKTPRRC 8ipkdlipbdrnt pAVBEELdih pEFErbh dhet Keagtien| | ation
colum, the dis- tillation rate of the diol becones inproved. However, an
i ncrease in t h&eRREGATISE t RePFRELFETARRERRLcREaRDeSrPACE AR LEMPRER ener gy
cost fo% the condensation of distilled THF. As a consequence, the anount
of the “fresh TRESHBR¥gPSAaRE HoLEAEULEaction nixture is the minimum
anount of THF necesgary for Ereventing the so- lidification of the diol.

More specifical ly, tRE FPBERIBS YRECT sWRELemrin bl ndRdnEhGnFERPLE not | ess

than the weight. of the gnreaeted giol coHtaLned [ tge reagtion_ m xture.
The amount of PRAVPPESAAFLPR EEESELP) FORALAIEEF! | bFi bR RESEOEFadependi ng

on the amount of  $Nenedk8hef 005 2L 80eh 15 SapSASELEN ML HE SRLSH LS Ted
phase and the catalyst phase and, then, the azeotrobic

10 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 tc achieve a
predetermined retention time.

15 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

20 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

25 as nitrogen gas, helium gas, argon gas and neon gas.




25 fromthe top portion of the distillation colum, EgtE“Q égq%une 2005 78

general, THE is fed at a feeding rate which is not he feeding
rate of the reaction mxture, preferably not less than two tines the
feeding rate of the reaction mxture. Wen the inner tenperature of 5 the
distillation colum is 130 Cor less, it is pre- ferred that THE is fed at
a feeding rate which is not |ower than % times the feeding rate of the
reaction mxture. In any case, the feeding rate of THE is not nore than

100 tines, preferablheROthB0ESPS MGRe2P2ht TBA: rdBcPD6S MiLEGEADLY-NOt nore
than 5 tinmes the feeding rate "of "the reaction m xture. Since the anmount of

the unre- actedadhel €ANtALNEHoVR-hBAti8AGH ABAnAbXt Y& e1b8tv8EY1LSMAI |, when
the feeding rate of THE is in the above- nentioned range, the weight ratio

of the added THEtke thet Ber#ihgfsbfdodi ehebpeoiRer LA 06nMBEACtRBAS €aabl Yy
1,500 or nore and not nore than 50,000. It 1s preferred that the diol is

renoved by a pHhkk- skpgeatichi bEathenredbthohesprebrd 0186 hnBgac-pressure
of the distillation colum, a |low pressure is 20 preferred because the

| over tBe innetiphessumnedobryaricdphbbt! 8bheaifohyNthe t GRybEgRAF t he
distillation effi- ciency for renoving diol. Specifically, the distilla-
tion is performedhybdre FEPcdDreopblimes. ahldvevestaipst praseascogrshe
anount of energy used for condensing the 25 vapor distilled off fromthe
distillation cofuomlyabh@5brdacei@f0borfednoegapiesphuse ofhls Tobtaimedore i s
necessary. There-

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 examﬁle 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 dissocolved in the organic phase, the exposure of

25 the organic phase to high temperatures for a long time




fore, in the present invention, it is preferred that tEe ri@@%f' of the
unreacted diol is perfornmed under a pressure fromb5 ,
preferably from 100 to 600 5 Torr, nore preferably from 300 to 500 Torr. As
expl ai ned above, in the purification nmethod of the present invention, a
reaction mxture conprising a diol, a sagyrated hydrocarbon and an
oxytetranet hyl ene glycol copolyner is fed to the upper portion of a dis 10
tillation colum to thereby cause the reaction mxture to flow dowward in
the distill ati ®3YcShwse, pxadlemsi,glsuche asedapoigmgaieatidonHefi @ TE& to t he
bottom portion of the distillation colum to thereby cause the gaseous

THE to flow uph&raipalt B€ dhet Pkivietyamedhyienehiglyced ¢eppdvimerrngante di ol
and the saturated hydrocarbon con- tained in the reaction mxture at

di fferent stageéBc8rporRéignsef| thei vnreacked daglwinhdr dhiengxyhetvapori zed
di ol and saturated hydrocarbon together with the added THE fromthe col um
top of the di sSREERILPBA géVamh. copodymrTabyi shel fghydnakiehogdorAphesed in
the present in- vention is called a stripping nmethod. The reaction m xture
in whichR the dféPRaR&t¥REN aaparkted kher vaaepetefladéobeandr thevesyby t he
strip- ping nethod is a viscous liquid conprising an oxytetra 25 nethyl ene
gl ycol copol ynkftEaRethElenpradkgodt REPOLIRers e 8ot sy poi nt

conmponents con agﬁeg_in this ligquid are separated by centrifugal nmol ecul ar
di stillation aﬁb qtipgsofoTHI K ES PEEfPFAPLYNPEERPEPALURE BsEBLRD separate

THE is 80 to 130 Ci Iﬁ Is_preferred thgk the distil 5 lation tenperature is
as | ow as poss Y&y, ogubgpggggture, at 1s, 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




ing the heat deterioration of the oxytétranefhylene g Ecolaé@golynef,
Specifically, the distillation is preferably perfor C or |ess.

In addition, wth respect to the pressure, high vacuumis preferred, 10
but due to the problens concerning the distillation ap- paratus, the
pressure in the range of fromO0.01 to 10 7Oorr is appropriately used.
Various nol ecular distil- |ation apparatuses other than the centrifugal

nol ecul ar  di stililat apparatus cgan be used in the present in 15 vention
Specifically, b?ébgakggg %a&@iBWna P&t T&MPVAng: e ﬁﬁgéém$ﬁr (Higtil2ation

apparatus, a fal [ e | ecyl ar distillation apparatus,_ and a
centrifugal rr%laecu sft %@gtov%ﬁ'atcngﬁ"'ﬁgpataa{“&§ hodswhich upes @Mhalrgenecul ar
distillation a a ere_cgan be tioned 20 a rotary tray type

mol ecul ar di stlLE %t %é;*rgh ar 800s 2 gt g@ﬁ Artigly ises, ge sabpaked ar di stillation

apparatus. The gﬁg Lﬂﬁgﬁlon of the oxytetranethyl ene glycol copolyner is
conpl eted by the reno of THE in the above nment i oned manner. The

purified; oxytetrane e opo is recovered in
oxytetrg%ethylene gPﬁ¥55@§ﬁn8ageé§s§l gofF® BBﬁpyhﬁruﬁéﬂﬁ 3FafrilITe
separated THE g 5?; um$OI| 0|n supstances are recovered in.raw
material tank e CRuP M e 418 gFP fePREEEndSgPREsed cHREPYIRI2 5 can

be anal yzed by h g y to n- firmthe conposition of
the purified of%?gﬁﬁakgggg eﬁggﬁ Fy 8hg§ g%?ﬁantThﬁuﬁBr?$|%H acti-

t et t hyl I han_ 50 f
i SR A R

oxide, zirconium oxide, alumina and silica alumina.

10 - The treatment with the adsorbent is performed at a tem-
perature at which neither solidification nor boiliné 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-
chlorgfluoroethane 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



10 not |less than 98 8 of an oxytetranet hyl ene gl ycol 07 ol . In the
above-nenti oned one-step purification nethod, THF, € saturat ed
hydr ocarbon which are renmoved by the stripping nethod are obtained as a 15
m xture. \When raw material nononers containing a satu- rated hydrocarbon is -
reused in the copolynerization re- actiongjthe saturated hydrocarbon may
cause an adverse effect on the copol ynerization reaction rate. There-

fore, it is necessary to separate and renove the satu 20 rated hydrocarbon
fromthe recovermedasiwmeifertited appac-atmeress befead el eugnmegctiad pdeoter ed raw
material nononers. Next, the two-step purification nmethod is ex plained
referring to Fiig 1®w.Fi §. Cp-Cs asurered dydiragearbehdw pgefinvahdy ex- 25
anpl e of the continuous purification systemfor per 25 June 2005 82 form ng
the two-step pusield &g gremaningd thiei clatiad isdad anfdrexampilieg of sueh
oxytetranet hyl ene glycol copolynmer of the present invention. The two-step
purification msEiddated hysinesgrbenss ipglsiden oynlphexanehy gyedahpbn al one
is distilled off fromthe reaction mxture in a first step and, then, a
di ol is Xistil[t@@eof CHPLadedadier.| gycAgnemEned iaycd osiecangndmetbplto t her eby
purify an oxytetranethyl ene glycol copolynmer. 10 A reaction mxture is fed
to centrifugal C¥SLOPgNdaned; fethydcysdohgrFang.uS -EFhylderp8get Pon mi xture
tank 16 by using punp 17 to thereby renove a saturated hydro- carbon from
t he reaction HPQ%GP@J Thoeptame.| -pghane, n-nonane and n-decane. As

explained below, when a saturated hydrocarbon alone isg
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




performed in centrifugal nolecular distillation appar 5 t 0%9 IS
performed under conditions wherein the solu- tion teﬁ%%i%%%ﬁ@Lrs 70 to 160
C. The deconposition and discoloration of the oxytetranethylene glycol co-
pol ymer are induced when the solution tenperature be- cones too high and,
thus, it is desired that the solu 20 tion, enperature is as |low as
possi bl e. However, when the distillationtenperature is too |low, a |arge
anount of a saturated hydrocarbon will remain in the oxytetra- nethyl ene

gl ycol copol ynghufatadaC8aeseanssn.t e sotutatédrmy@npesstion eis sused
preferably in the range of from 25 90 to 130 O C. 25 June 2005 83 The

distillation ppgsaupeoRR¥oidentdependhegloniltikendi shil hateoopapparadus and
distillation tenperature wused, but the distillation pressure is in the

range of fromchthay4%0diesblvdiennt kaedbryitbltatinenthgppacaglycpd 5o-
relatively small, it is necessary to conduct the dis- tillation under 100
Torr or |ess. Ppheyaekeculiowedes] i Whei i tive appptatvaneskyléme @lycotilling
of f the saturated hydrocarbon is not limted to the centrifugal nol ecul ar
distillation apppbaywer asdmifedseotatybeithde shtbietedr hydsogsrbenl ar
distillation apparatuses nentioned above. The saturated hydrocarbon
content of thetheaebiponymerx ande than shéudetedabydroeagboo0separet602, in
terms of the weight ratio of the saturated hydrocarbon to the 15
oxyt et r anet hyl dn¢oghtyooll iguid pimesesbandetbei 8§ turatedabyfxeeaTRPBr d€ar bon
fromthe reaction m xture by us- ing centrifugal nolecular distillation
appar atus 19 udncapable of exhibiting a satisfactoxy 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 dopolymer 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




der the above-nentioned conditions. The saturated hydrocar ng gﬂ chis

separated and 20 renoved by neans of the centrifugal

distill a-

tion apparatus 19 is recovered after subjected to a distillation treatnent
by using distillation colum 20. Since a portion of the diol contained in
the reaction mxture is also renoved togggher with the saturated hy 25
drocarbon by the centrifugal nolecular distillation, 25 June 2005 84 the
diol contained in the saturated hydrocarbon solidi- fies in the
distillation cHatwraed thlomraddwatdrch Wyt .ed Reoduisan dfe Wdieplsepa-
solidifies at around roomtem perature. For preventing such a

sol i dification ugtefl glatagtyat ighgRefgatremided Widiterthehiaggania hese -
solvent for a diol is added to the distilled-off saturated hydro- carbon
(contai ni ng a dhe#nefane .t Hd divlprefexsmasy ddaty dhe (arganEs IRb@a®e #skt ure by
condensation thereof. Spe- cifically, after recovering the saturated

hydr ocar bon 10 fdgtegiadt fdneugivla thighete avingya naedianetdis@d la- tion
apparatus 19, water is added to the saturated hy- drocarbon by using punp
24. Vate¥ is addedd dess. ahofddteni bAvisgsef breeeAdamgtpre¢&nf - Bham

the anount of Wi dresfdded Ysedtq ddsiter 9ffLhe w2 tah

solidifica- tion of a diol in the distillation colum. S?

ecifi 15 cally,
¥asen MeE& ed di ol

contained in the reaction mxture. Since water causes a |owering of the
boiling point SHEIHEENr at ed hydrocarbon by forming an azeotropic

m xture with the saturated hydr,qcarbaon, for 20 facilitati t
distillation of the%&ﬁfr&tl’@d%'f&mu@é‘r BE? Gt qﬁi’se al“}?rurggr‘ﬁtjt;i ®hg t he

azeotropi c effect

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-

20

25

tetramethylene glycol copolymer is a mixture which ad-
ditionally contains THF and a diocl which are raw mate-
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-

tilling off THF. When THF is distilled off from the




of water), the weight ratio of the water to the satu- t ed ocarbon is
from0.1 to 1, preferably from 0.25 to 0.5. 25 The éﬁi§¥5$é£ﬁ§£drocarbon
havi ng water m xed 25 June 2005 85 therewith is fed to distillation columm
20. Since the saturated hydrocarbon contains water, during the con-
densation reaction of diol which is occurring in the distillation colum,
the diol contained in the satu 5 rated herocarbon I s al ways condensed
sinmultaneously wth water which is a good solvent for a diol. There- fore,
the diol is notmbotiuxef it ireslilktant atixommon|asparaies Burtdes ,sakur4 ng t he
distillation in distillation colum 20, water is fed fromthe top of the
distilla 10 ti omated umrdincardiony ghage 3nd cant haty ttetoranettdry loore egkydalat | on
of each stage of the distillation columm be- cones constant. In addition,

t he gaseous di ctoRwtiyer Phagia hdraivtie orattimmtes dpdrcgmmfondiptadd at i on
colum 20 is condensed in condensing neans 21 together with water 15 which
has been fed tccaheealizandvest ifgomne dhanoxiyt atsiamg thylepe 24 yaml 30~ The
condensate which is a mxture of the saturated hydrocarbon and water is
subj ect el to a Pakymegshdd@sseparati on by using decanter 22 and the sepa-
rated water is reused. 20 In the two-step purification nethod, the
saturated hydrocar B&¥tre®pfedaidas ieaplanatdon is madet onditdre methad on
colum 26 by using punp 25. The diol remaining in the reaction mxture is
removed in the EEcAFi&vdRg or oRY tatdamedhydenef gdyciodn apRada@edy t he sanme

strip 25 ping nethod (as nentiqgned in connection with the one
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 750 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 %




25 June 2005 86 step purification nethod) by using dé gti | | ﬁég ﬁg colum 26.
The stripping nethod is perfornmed under the condi- t are

expl ai ned in connection with the one- step purification nethod. 5 A m xture
of an oxytetranet hyl ene glycol copolynmer and THE is obtained by the
distillation performed in the second steg (stripping nethod) of the
two-step pu- rification nethod. Like the m xture obtained by the one-step
purification nmethod, the m xture obtained by 10 the two-step purification
met hod i s a vieEowussatynatied dondrocaripoan @y tidie arhielry band .gMWhes!
copolynmer and THF. THE and other |ow boiling point conponents con- tained
in this |iquidtheecaeplyat etis xeneved i vigavubhpisieg @ sfattizated at i on
apparatus 32 as in the one-step 15 purification nmethod. The purified

oxyt et r amet hy| y@rogayeen . cbpol sxpample. riey oveied 2 rcabgAest FeteN2ene gl y-
col copolyner tank 33 and the separated | ow boiling point substances are
recovered in re-wakertke ¥esud Ent weagiien | mEXENER 2okt | EhetYl ycol
copolymer 20 can be anal yzed by gas chromatography to thereby con- firm
the conpositi ol ot *heapxrEteametheleng| gEorol prplamer - ThetQurified
oxytetranet hyl ene gl ycol co-_polynmer conprises not nore than 500 ppm of a
diol, not mr%otﬁaﬂgl?‘éﬁ)oa%rﬁ 2 et Urated dydobar Fdn sSERYLFoPe5 | ess
than 98 % of an oxytetranet hyl ene gl col copolyner. 25 June 2005 87 The
oxyt et r amet hyl%‘?\Eeél%%T ¥ orsARey Qﬂv)t'%&’ﬁ@&“?% agihdrapighfontain

above-nenti on wo _purification t hods
E%hé. d%en the reacfy%n ﬁixture 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 stép. 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-



contains only trace anounts of the |ow nol ecul ar wei cQ ents which
are easily deconposed by heat and, 5 thus, the obtai 1 anet hyl ene
gl ycol copolynmer has high thermal stability. Further, in the two-step
purification nmethod, a saturated hydrocarbon and a diol are separately
removed in the course of the purificatigg process and, thus, 10 the
separ ated saturated hydrocarbon and the separated diol can be reused with
ease. 25 June 2005 88 5 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON
Her ei nbel ow, tiew pretentingnvientFomn. Wl |1 be de scribed in nore detail with
reference to the follow ng Exanples and Conparative Exanples, but they
shoul d not be condR¥ged aiss la mdhempttite dGicgpanofshdwing egersxamplevent i on.
In the foll ow ng Exanpl es and Conparative Exanples, various properties
wer e neasur ed afsi the téen oo rmur i cetthwdssy sitferP ERS geyfdumidied aver age
nol ecul ar wei ght of an oxytetra- nethylene glycol copolynmer The nunber
aver age nol ecutt ons gitepfpuribiaat ian metdtdd) [vivechy| i olsesbfoty mar- i s
calculated fromthe OH value of the copolyner. i) Method for analysis O To
a 50 mSeggpl artfyine fheskkyte tuhsthyrlene/-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 so¢lidifies at
20 around room temperature, a diol which is separated as a
gaseous component in the distillation column is likely
to solidify in condensing means 27 which is provided in
the downstream of the distillation column and cause

problems, such as clogging of a conduit. In the pre-

25 sent invention, for preventing such a solidification of



tetramet hyl ene gl ycol copolyner in an anount (unit: whi s 1.39
times the expected nol ecul ar weight of the oxytetragggh¥ﬁ§g§—élycol
copolymer. (For exanple, when the expected nol ecular weight is 1,800,
1800 x 1.39 = 2,502 ng is added.) O Approximately 5.0 g of a pyridine
solution of anhy 25 June 2005 89 drous phjhalic acid (a 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 copolynmer. 5 O An air
condenser is atheacldddltofiresheFHpl ant frrgph THFatknandst he wepoktiaed
eggplant type flask is im nersed in an oil bath at 98 C while stirring
slowy for 2 bhedng. hegtifigemegypl dit andpaehel aekuilsanikgaseoust FHM tlse oi
10 bath and cooled at roomtenperature for approxi- mately 1 hour to obtain
a mxture. Aquéedsts0tiebponscghpopyicti pé ddkttildationadddumno26t Nda

m xture obtained in step (r) above fromthe upper portion of the air
condenser. 15 pupTRE sesast 4nt diskilileobbt shredibA theeshgpl wALht ype
flask is agitated and, then, neutralization titra- tion is perfornmed with
I N KOH By u3|n§rpﬁbn@HF phthaleln as an indicator. OO Bl ank test was
performed by repeating steps (Dto (D 20 above except that the
oxytetranet hyl ene gf9cthechrepenyntrvestion. used afigeshs5THF of MeABSpRAr i di ne
solu- tion of anhydrous phthalic acid is used. (r) The OH val ue and the
nunber averagenﬁﬁigcaﬂgﬁdmgﬁghﬁnd 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 dicl. More specifically, the fresh

20 THF is added in an amount which is not less than the
weight of the unreacted dioi 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




of the oxytetranethyl ene glycol copolyner are cal cu- ES | at ggo'%n accordance

with the follow ng formula: 25 June 2005 90 5 10 15 X x anount
(g) of pyridine solu- tion of anhydrous phthalic acid - titration anount
(m) of aqueous KCOH solution] x KOH factor x 56.1/amunt (g) of
oxytetranet hyl ene glycol copolyner, whergjn' X represents the titration
anount of aqueous KOH solution (mM) in the blank test (using pyridine
solu- tion of anhydrous phthalic acid). KOH factor is the actual effective
alkalinity of géheagleoUBFKOs €ebutitoa. f&hdisgcahtel whbdhfismohe OH val ue
I n accor- dance with the followng formula: Wh = 112,200 / OH value. (2)
Mol ecul ar wei ghowerrsthabhuthenfeédangoxgtet ofi- thet hgaehiony| ptwturepol yner
The nol ecul ar wei ght distribution of an oxytetra- nethylene glycol

copol yner is oprefeedbby nntahebsgt thah t®0 tbhepetheaféedintrvateogf aphy
(analytical GPC). 25 i) Instrunents GPC apparatus: HLC 8220 GPC

(manuf act ured the vebdtibyp mbzdhreor pohren ithe Jupem)tenbmnatnrer MKyel

Super H3000 (1 col umm),

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,

10 more preferably not meore 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 Torxr or less. However, for

decreasing the amount of energy used for condensing the

25 vapor distilled off from the distillation column, an




25 June 2005 91 TSKgel SuperH2000 (2 col ums) and TMIOOO (2

col ums) (each manufactured and sold by Tosoh Cor- p an) 5 ii)
Condi tions used for analysis Detector: Differential refractoneter (Rl)
Tenperature: 40 C Eluent: Chloroform (HPLC grade) 10 Flow rate of el uent:
0.4 mM/mn Sanple: 0.5 % by weight solutige of a copolyner in chloroform
Amount of injected sanple: 20 | Ml ecul ar wei ght standards: Pol ystryrenes
(Mh 15 96,000, M = 30,300, Wn = 13,000, Mh = 7,000, WM = 5,050, M =
2,100, M = 1, 3o0emndrigssuEB®E Srikbrn pre@aeichmeqewsaryL.04Thegp -
Preparative gel perneation chromatography (prepa- 20 rative GPC) of an
oxyt et r amet hyl eyl yido| theopregant iInventkaments igrerghinrradisthalc 908
(manuf actured and sold by Japan Analytical Industry Co., Ltd., _25 Japan)
25 June 2005 9Xhe ammgwal SHodde reoRahnf 14oel 1 earfariemindrRr: &unber

average nol ecul ar weight is |ess _
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 ligquid comprising an oxytetra-

25 methylene glycol copolymer and THF. THF and other low




t han 3,000, and Shodex H2001, H2002 and H2002.5 are_used mheg t he nunber
average nolecular weight is 3,000 or nore (each and sold by
Showa Denko K. K., Japan) ii) Conditions used for analysis 10 Detector:
Differential refractoneter (RI) Tenperature: 40 C Eluent: chloroform Fl ow
rate of the eluent: 3 m/mn Sanple: chlggoforn1solution contai ning 3 % by
15 wei ght of a copolyner which is obtained by adding 1.5 g of a sanple
copolymer to 48.5 g of chlorof orm Anobunt of the injected sanple: 3 m

Sanpl i ng nunbebillehgl paghitoesmponddtsaephitagnkat envehikolifhagt aeas: 10 sec
(4) Qotainnment of a high nolecular weight-side 15 % fraction of an

oxyt et r anet hykepargkgaobycepakyi€ugAlpmepacalayedRE€ilsapebhoappdrdnder the
condi - 25 tions described in item (3) above to thereby obtain a 25 June’

2005 93 chrometiegram (The abstilbatioli tahperdterd aised 09 ddperataand t he
ordinate indicates the RI detection voltage). A fraction of the
oxyt etranet hylrHReigl §ootocdpol yoer ItwMiisC preFerezidontatt ahichdiatda -of a part
of the whole 5 peak shown in the chronmat ogram was recovered, wherein the
part i § takenlahibheteimgeratutrbeibi gbh moweasl possiklghfornstpptregst he
maxi mum nol ecul ar weight in the whole peak and wherein the area of the
part of the 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 film
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 ang
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 copelymer is recovered in oxytetramethylene gly-




whol e peak is 15 % based on the area of the whole Moroformis
distilled off fromthe recovered fraction at 60 C n, , thereby

obtaining a high nolecu- |ar weight-side 15 wt% fraction. (5) Neopentyl

gl ycol copolynerization ratio 15 The neopentyl glycol copol ynerization
ratio is measured by means of 1H NVR Specifically, the neopen- tyl glycol
copol ynerization ratio is calculated from the integral value of the

nmet hyl ene protons of methyl- ene groups of a THE chai n havi ng net hyl ene

groups at 20 bedh ¢epsiymds tdrek e3d adl dhe ddpLgitdd viHRIand dhee 1dvet hyl
protons of NPG 1H NWVR is perforned under the follow ng conditions. i)

I nstrunments 2SAMnEn@tpsint] it ameal  dl-ed G domndddini ey atedd allune 2005
94 sold by JEOL Ltd., Japan) ii) Conditions used for analysis Cbservation
frequency: 400cavikz 28 Pul se | ength: 45 Cbservation tenperature: room

tenperature Accunul ation nunber: 64 Solvent: CDC13 10 (6) dass transition

tenperature 4 ass tThenghinichi dd rpariaibtrametthydre nex yWigiccdmetopwllymexe gl ycol
copolymer is determ ned by neans of the be- |ow nentioned differenti al
scanni Ny cal oraarettey ra8Fzed H2G&d chromatography to thereby con-
firm the composition of the purified oxytetramethylene
dlycol 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-




1) Instrunents DSC apparatus: DSC220C ( manuf act ured %ﬁ% Sei ko
I f

I nstrunents Inc., Japan) ii) Conditions used for ana I ncr ease
in tenperature: 10 C/ mn Range of tenperature used for analysis: -100 to
100 C At nosphere used for analysis: N trogen gas atnosphere (flow rate: 40
m/mn) Amount of sanple: 10 to 11 ng 25glune 2005 95 (7) Ther nal
stability of an oxytetranethylene glycol copolynmer An oxytetranethyl ene

gl ycol copolyner is analyzed 5 by thernogravinetric analysis (TG by
using the in- stexmirg thel twe-sbepi puohtiexpien mecthed owhitch tdersdy
determ ne the tenperature at which the weight of a sam ple copol ynmer is
reduced by 5 %Idhipurifiparatihe owyte tsane tdsylkend rglcxcd breopelymgr of
stability. 10 15 20 i) Instrunment Apparatus: TA 2950 (manufactured and sold
by TA |nstrunefhe Rrresent iinvelpeitdni ons used for anal ysis Rate of increase
in tenperature: 10 C/ mn Range of tenperature used for analysis: Room
tenperature to 500 Fha ryspirtrar weadifioratind ysithod 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 sfripping 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 oxytetramethyléne glyceol 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.




Ni trogen gas atnosphere (purge tine: 1 hour) (8) Det ] nat : &8 of a
neopentyl glycol (NPG content A neopentyl glycol c £ n organic
phase or a reaction mxture is determ ned by gas chromat ography 25 (GO).
Specifically, the gas chromat ography of a sanple 25 June 2005 96 is
performed under the followi ng conditionsgo thereby separate NPG fromthe
sanple, and the NPG content is calculated fromthe peak area of the
chromatogram 5 i) Instrunent GC apparatus: GCL7A (manufactured and sold
by Shi madzu Cor po- Ths idistildpen)orConeasutd TS amn degendiod aond sol d by
Hewl ett 10 Packard, U S.A) Liquid phase: Crosslinked Methyl Siloxane
(l'ength: 25 mthendisiihhetism dhphraiug handk -disssl lat forl nienpeFaize phase:
0.33 run) 15 20 ii) Conditions used for analysis Tenperature |Injection:
300 C Det ect orse@00ou Goheaindi s il et ore dp1eg sBOCeC fnrith e, rdnde oved by
tenperature elevation to 300 C at a rate of 20 Cmin; and, then,
mai nt ai ned at BO0gn A for 430 forr Sakpea the Bisyivdiaghonsebpargtust is
reaction mxture (or an organi c phase)
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 1% 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,



25 25 June 2005 97 iii) Method for anal ysis Acetone lytio i_ndi vi dual |y
contai ning 50, 100, 500, 1000 and 5000 ppm of NPG aé&—'&hﬁf—@&?

t hereby obtain a chromatogram The rel ationship between 5 the peak area and
t he NPG concentration is determ ned
the determned rela- tionship is used to ggl cul ate the NPG concentration of
the sanple. 10 15 20 25 (9) Heteropol yaci

as a catal yst

determ ned by | CP-mass spectronetry and used as the heteropolyacid
content. A Apfdest us: tRAQdiyts I1GR-idn (cvauninacEnd erhen robrsieng Ay ovG

El emrental , England) B. Method for

the sanple is heated to cal- cine the sanple, thereby obtaining a
deconposi ti on peraduere200Bog8preventing such a solidification of diol,

5

10

15

20

25

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
containing a diol from centrifugal molecular distilia-
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-
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
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.

The saturated hydrocarbon having water mixed

by GCto
fromthe obtained chromat ogram and
content The heteropol yacid used

in the pre- sent invention contai.ned tungsten as the netal
speci es. Ther ¢her @iollhedntagsiesn izo mhentgatiurated Hyltrdeeixdyon sedlidci d was

| CP- Mass Spectronetry: O Approximately 5
g of a sanpl e isysiileac béddause diner tdd olc rswdiildierie(sc )atlmercaumel idgicen dmmt-ai ni ng



product. OO To the deconposition product obtained igﬁiﬁﬁﬁﬁggﬁﬁi I s added 2
m of 35 % hydrochloric acid solu- tion. Then, the r ture is

heated on a 5 hot plate to dissolve the deconposition product, thereby
obtaining a solution. (r) 0.1 m of an aqueous 1 ppmindium (In) solution
Is added to the obtained solution as an Bgternal stan- dard. 10 (r) Water
Is added to the m xture obtained in step bove so that the final vol une of
the solution be- cones 25 m. (c) The solution obtained in step (r) is

subjected to |{ERNRESLIS PES IFCITRD Va1 sitE 1GatildiP dAking 2f . asgakbkbiaki on
curve: OO A series of solutions containing tungsten in various

concentrations gt AR ibnRIgtiainss witer pParting? @HOdbnl i of
an aqueous 1 ppmindium (In) solution as an internal standard is added to

5 g of each of ddigsatSicandadabtSiInitd O gL addlRd iish cdtirimg ifvhahrby ob-
taining m xed solutions. OO Water is added to the thus obtained sol utions
so 25 that theliedilms toforeadlueml Uttihen diecomem i ndd 2D thenead@B5 99 5

(r) The resultant solutions are subjected to | CP-Mass spectronetry so as
to prepaie a calatedatiyiraiantmn Bs Baweryd randenseid & ineildameohysdst d
content: 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 celumn 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-




The tungsten concentration of a sanple is deter- mn us, t he
calibration curve for tungsten. Exanple 1 (Cbntinuodg—ﬁﬁéﬁkgéﬁgn of an

oxyt etranet hyl ene glycol 10 copolyner) 1 liter of tetrahydrofuran (THF)
containing not nore than 120 ppm of water and 53.3 g of neopentyl gly- col
(NPG were added to a 2-liter separable fBI ask and stirred at room
tenperature, to thereby obtain a solu 15 fion. To the obtained sol ution was

added 650 g of phosphotungstic acid hexahydrate as a heteropolyacid (HPA)

catal yst and sitidp eshatf IQAMJIEMATAAY & AisiBly A48 oh lodiHn
t hereby obtaining a m xture. The obtained m xture was allowed to stand

still so that 2ehe 2Aensxiribpingsmeeparatied peiireriechOVRRegatAkY SbnpRase and
an upper organi c phase. An oxytetranethyl ene glycol copol yner was produced

using the prodiicinisowisldi eines kupldihdd Gn Zonthe tdainahyith phasedy-epar ed
above was charged into 25 reactor 2. Subsequently, reactor 2 containing
the 25 June 2G@G0eplphrmftialatsionphesshosas filled with the organi c phase pre-
pared above and the excess organic phase was allowed to flow into catalyst
separ ati on vessel 3 wibtlurwasfcan oRkgtletd e thdene’ gdyckdaiopolZmaas
equi pped with a 5 baffle and two turbine blades. The whol e system shown in
Fig. 2 was purged THE Hsnidbtederday ahed tdistriddetion peasornidd died by
stirring (the notive power applied to the liquid per unit volune of the
reactor was 5.&ekweeRnd tsheporgdmippings et d)hefcahal oo -Etage pur t he
react or
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.




10 while heating the reactor to a tenperature in trmiiéiﬁﬁ%%éﬁ%éron166 to
69 C. Subsequently, raw material tank 1 was charged sol ution

obtai ned by dissolving 1,218 g of NPG and 266 g of phosphtungstic acid
hexahy- drate in 12,516 g of THE and the THE solution was fed 15 from raw
material tank 1 to reactor 2 at a f|Oeraé of 79 m/hr. The resultant
reaction mxture in reactor 2 was circulated between reactor 2 and

catal yst separa- tion vessel 3 as follows. The reaction m xture was fed to
catal yst separati onThesselyt3tirafetheasher giyvasd 20psepmaeat e8tanhadt ve
phases, nanely an upper reaction- fornmed organi c phase and a | ower
reaction-for neaitaied dfyhepladdve-mbathioned teacpueifieatedncatahyds phase
was returned to reactor 2, while the upper reaction- formed organi c phase
was fl owed up epdtadnscondsy ittrace 2moganisCofhahe fegemvilagulassekighaft er
passi ng through 25 June 2005 101 refrigerator 4. Water by-produced during
t he copol y- necozabnen tseabiichn avaseaeibyedebpmpokdr by hgatnaadeo- tropic
vapor of water and THE fromreactor 2. The w thdrawn azeotropi c vapor was
condensé&d usi ngthosnddhe Sbitagnedansyfetoambéhghgnebyaynod dbdhgnher

m xture, and the obtained THE/ water m xture was collected in THE water
recei ving tankh8s RhighTlHBEewaadr strakilitywas w thdrawn from THE/ wat er
receiving tank 8 at a constant rate by using punp 12 and fed into

THE/ wat er st orage 18urihkr9. iTHEhéwbewerstent pnrificetppm metheds)awas fed
to reactor 2 fromTHE tank 6 by using punp 11 so that the amount of THE
fed to react or satiagetede hydrecasbpneandnpudiods arpEspparatady Fewavedact or

2 as the azeo-
in the course ¢f the purification process and, thus,

10 the separated saturated hydrocarbon and the separated

diol can be reused with ease.




tropic vapor. THE was fed to reactor 2 at a feeding é at e gch was t he
sane as the withdrawing rate of THE/ water m xture ——The reaction
system was operated in the above- nentioned manner so as to namintain the
volume of the reaction mxture in reactor 2 at 610 ml, the volunme of 20
the catal yst phase in reactor 2 at 330 m__(thus, the ratio of the volune
of the catal yst phase to the total vol ufi€ of the liquid in the reactor
becanme 0.54), the NPG concentration of the organic phase at 0.80 % and
the specific gravity gkstrhsiopat abgrstarkasfcabu?. vhr 2Rvikenokhe reaction
tenperature becane stable al 68 C, 25 June 2005 10Z 5 10 I5 20 25 the
conti nuous pol yner imeatd ibdRRE! Ahe TRHENt Anwa i AP EALE DS @Y1 nuousl y
for 33 hours. Subsequently, an oxytetranethyl ene glycol copol yner was
produced by opcieitadd nigh tnikerd eRef0rl fairthl Gk furtdfce e t1as W d Bdwiaty

pol ynmeri zation reaction m xture was separated into an upper

reacti on-f or mEkeamipdasd Garpdh aoinpadth 16 ved VIBfanEiass, tHuth-tigyeshadtialnst phase
in catal yst separation ves- sel 3 and only the reaction-formed organic
phase vgs colHesaioad irment ganilcinphtaiony rideeisdop® WS Igle predentorin-gani c
phase recovered in organic phase receiving vessel 5 was used as a

reacti on-f or macerdrigami ¢ phase contai n- ing an oxytetranet hyl ene gl ycol
copol ymer.

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-



0.5 mt % of water and 4.0 wt % of cal ci um hydroxi de, each bazﬁg on the
wei ght of the reaction-formed organic phase, were a L

reaction-formed organi c phase and stirred for approximately 1 hour, to
thereby pre- cipitate the residual phosphotungstic acid as a calcium salt
t hereof. The precipitate was filtered off _Qy us- ing a menbrane filter
(pore dianmeter: 0.2 pm nade of polytetrafl uoroethyl ene, thereby obtaining
a filtrate. Unreacted |ow boiling point conponents (raw material THE and

the |ike) contai nétous tpraHdlild alct avgle sdilert ibinl bdd aafife@byB@iGsenger 10
Torr or less, thereby ob- taining a crude oxytetranethyl ene glycol

copol ymer.  Appr oxdinmatiel \g 2y avihyidieuwsbiphithed ier des qoxyitet navewlylo£25 June
2005 103 ene gl ycol copolymer was placed in a 50 ml eggplant type flask
and heated at 120 p@rdddere )0.iG5 abi@ed alo [this eghplah tnitylee 1wk €osl-ow y
rotating the eggplant type flask, to thereby renove the unreacted NPG As

areb5sult, an OXpﬁmum@nﬁmhykmmmlghmnol copol ynmer was ob- tained. The
obt ai ned oxytetranethylene gl ycol copolynmer had a nunber average nol ecul ar

wei ght & 1610 @nanaairi\lla@mmlemm zattachedhtbe that egghlaaft type nol % 10
Next, the remainder of the crude oxytetranethylene glycol copolyner was
subjected to a pr épaskt and GRE tresufltendébpggpfant &ypeglf laskedsl dam-
wei ght-side 15 wt% fraction. The NPG copol ynerization partial ratio Nh of
t he obt ai ned hi ghmegiseduliar areiogdt bgittle ats 98t * Cf whilleostitTings s9091yol %
The melting point and glass transition tenperature
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 1N 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:



of the obtained oxytetranethyl ene glycol copolyner are sh i n Table 2,
together with other properties of the oxytetraneth?ﬁehﬂﬂéﬁﬁggl copol yner.

20 Exanples 2 to 8 An oxytetranet hyl ene gl ycol copol yner was produced in
substantially the same nmanner as in Exanple 1, ex- cept that the reaction
conditions (conposition of the 25 raw mg§ﬁial l'iquid containing THF, NPG
and phospho 25 June 2005 104 tungstic acid hexahydrate (HPA), feeding rate
of the raw material liquid (F), volume of the liquid in the reactor (V),

volune of the catal ygtvahese=(Q)x &unt€i {dr H utdale tgr1cat al yst
phase, NPG concentration, 5 notive power applied to the liquid per unit

vol ume thereof (P/¥joandftameydequsrpRthalistably opeietatgont he reaction
system (Hr)) which are shown in Table 1 were enployed. The properties of

the produced oxy- ta&hsamet hwlpner okyeobus ONOH YéEIueisn Phevorn Table 2. 10
25 June 2005 105 .-1 0) H A H ro CUN
factor x 56.1 / amount (g) of oxytetramethylene
5 glycol copolymer,
wherein X represents the titration
amount of agueous 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 wvalue.

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).

1) Instruments

GPC apparatus: HLC-8220 GPC (manufactured and sold
by Tosoh Corporation, Japan)

25 Column: TSKgel SuperH3000 (1 column),
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TSKgel SuperH2000 {2 columns) and
TSKgel SuperH1000 (2 columns)
(each manufactured and sold by Tosoh Cor-

poration, Japan)

5
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) Imnstruments

GPC apparatus: LC-908 (manufactured and sold by

Japan Analytical Industry Co., Ltd.,

25 Japan)
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Column: Shodex H2001 and H2002 are used when the
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: Diffefential refractometer (RI)
Temperature:; 40 °C
Eluent: chloroform
Filiow rate of the eluent: 3 ml/min
Sample: chloroform solution containing 3 % by
15 weight of a copolymer which is cobtained
by adding 1.5 g of a sample copeclymer to
748.5 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 indicates 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 distiiled_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 1H-NMR. Specifically, the neopen-
tyl glycel 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 value of the
methyl protons of NPG.

'H-NMR is performed under the following conditions.

i) Instruments

25 Apparatus: 1H—NMR model Ad-400 (manufactured and
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sold by JEOL Ltd., Japan)

ii) Conditions used for analysis

Observation frequency: 400 MHz (lH)

5 Pulse length: 45°
Observation temperature: room temperature
Accumulation number: 64

Solvent: CDClj

ic (6) 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).

15 i) Instruments

DSC apparatus: DSC220C (manufactured and sold by

Seiko Instruments Inc., Japan)

ii) Conditions used for analysis

20 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)

25 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
5 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-
ple copolymer is reduced by 5 %. This temperature was

used as an index for thermal stability.

10
i) Instrument
Apparatus: TA 2950 (manufactured and sold by TA
Instrument, U.S.A)
15 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:
20 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

25 (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:
GC17A (manufactured and sold by Shimadzu Corpo-
ration, Japan)
Column: ULTRAl (manufactured and sold by Hewlett
10 Packard, U.S.A)
Liquid phase: Crosslinked Methyl Siloxane
{length: 25 m, inner diameter: 0.2 mm, thick-

ness of £ilm of liquid phase: 0.33 um)

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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1ii) Method for analysis

Acetone solutions individually containing 50, 100,
500, 1000 and 5000 ppm of NPG are analyzed by GC to
thereby obtéin 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 é catalyst in the pre-
senf invention contained tungsten as the metal species.
Therefore, the tungsten concentration of the hetero-
polyacid was determined by ICP-mass spectrometry and

i5 used as the heteropolyacid content.

A. Apparatus:
POQ-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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product.

@ To the decomposition product obtained in step @
above is added 2 ml of 35 % hydrochloric acid solu-
tion. Then, the resultant mixture is heated on a

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 wvarious
concentrations (5 to 10,000 ppb by weight) is pre-
pared.
20 @ 0.1 ml of an agqueocus 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.
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@ The resultant solutions are subjected to ICP-Mass

spectrometry so as to prepare a calibration curve.

D. Determination of a heteropolyacid content:
The tungsten concentration of a sample is deter-

mined by using the calibration curve for tungsten.

Example 1

(Continuous production of an oxytetramethylene glycol
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-
tion. To the obtained solution was added 650 g of
phosphotungstic acid hexahydiate 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
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

reactor 2. Subsequently, reactor 2 containing the

'1to -H* QOQd 0+ 4a+i
111 28 Jene20858, 1y 0 1.1



M H N 25 June 2005 107 Conparative Exanple 1 An oxytetranethyl ene glycol
copol yner was produced wusing a 2-liter separable flégkggﬂﬁﬁﬁégﬁ wth a
frac- tional distillation apparatus (conprising a fractiona 5 tion col um,
arefrigerator, a ref lux valve and the |like), a stirrer and an inlet for
feeding THF. 220 g of THF and 185 g of I\[Bgsowere added to the separable
flask and stirred to thereby obtain a honbgeneous solu- tion. To the thus
obt ai ned sol uti on was added 500 g of 10 phosphotungstic acid hexahydrate
(as a catal yst)catalegst sphasé ngas toi1ed ebytli 650 yegdiec Oiade/Sird 0 the
solu- tion. The separable flask was imersed in an oil bat mai nt ai ned at

100 C and nitr @Eredaaboas dedl tie tdrcedsd askg@ii@ greash ngad adEL@fed Ocgrl / nin
fromthe upper 15 portion of the refrigerator attached thereto. The in- ner

pressure of thefmpaimtd ecd takks Wasepemtait Pomecediel (3 AHac RP4E bfr ovi di ng
the flask with an exhaust valve which was adapted to be opened when the
i nner pressur eftedhetsepmactire £l aRkactaches was? elguippR& wi@nThe point in
time when the tenperature of the reaction systemreached 85 C was regarded
as the point iraffile aid ttwe itnittiiatd dilaafed he Theaghbos. syeeemakhewn t he
tenperature of the reaction mxture was maintained at 85 C by feeding THF
to the separabli® Higsk.2 4RaVpuziedivwssthamigrrdden igast iaatd ameofresietion
reaction, the bottom 25 June 2005 108
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
1o 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-

formedrorganic phase was flowed up and collected in or-

25 ganic phase receiving vessel 5 after passing through



tenperature of the fractionation colum was adjusted to apgroxinately 70 C
to thereby initiate the fractional distillation of e I ning THF
The copol yneri- zation reaction was continued for 14 hours in the 5
above-nenti oned manner. During the copolynerization reaction, the reaction
m xture began to separate into a catal gt phase and an organi ¢ phase. A
change was ob- served in the dispersion of the catal yst phase in the
reaction m xture and the viscosity of the separated 10 catal yst phase

i ncreased i n zedordamadom #h tWaterobisSpROdgcedsdofityetibopodbyakyizati on
reaction. After the termnation of the reaction, the stir- ring of the
reacti on m xt megizasidnscencitivadwasdremevedebdyt wathdirawing was azkelewed t o
stand still for 20 mn- utes to thereby separate the reaction mxture into
two phases, Maepiyg y¥apoppef wedetri endf BHRedromgaeactpitage Bmel a | ower
reaction-fornmed catal yst phase. 640 g of the upper reaction-fornmed organic
phase was recwishdgdawhr gaephzopligskaphirl wakegendgn84d veionf thedeoser reac-
tion-forned catal yst phase in the flask. To 640 g of the upper

reacti &n- f or mé#9omgansc7phasshaasbrddbyainga FHF wateunmbytnogi dendnd
stirred at roomtenperature for approximately 1 hour to precipitate the
resi dual cat5P9s?ggﬁ§Peﬂh$H?/Wﬁ§eEr@éKEPFatUaﬁa§0iﬂbﬁéﬁédinff by 25 using
a filter. THF contained in the thus obtained 25 June 2005 109 filtrate was
distilled of f THf /69teruraepivdngotpnkos - t Hhe pTHBOIRE ¢ dnitluee was

oxyt et ranet hyl ene glycol copol¥-
withdfawn 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 11 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/Wéter 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 liguid 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,




mer. 10 g of the obtained crude oxytetranethyl ene gl§§ §O| gﬂ@ﬁlyner was
placed in a 100 mM eggplant type 5 flask and heat ed der 0.1 Torr
or less for 5 mnutes, to thereby renove the unreacted NPG As a re- sult,
an oxytetramet hyl ene gl ycol copol yner was ob- tained. The obtai ned

oxyt et ranet hyl ene gl ycol copolynmer 10 hf@ a nunber average nol ecul ar

wei ght of 1820 and an NPG copol yneri zat1 A whole ratio N. of 30 nol % The
concentration of the residual NPG was not less than 1 % by weight. The a

val ue (repr eseriteedcdyt frouons aodlynenizativh it sANEELNE€he ) %l
copolynmer was 2.0 x 10-4 15 and, thus, the oxytetranethyl ene glycol

copol yner sat -opesfatestl acomfinuenEl}y fr (3T RHasent subseifedt1yhionwgver, the
0 value (represented by formula (11)) of the oxy- tetramnethyl ene glycol
copol ymer was cxy0S587 anehhytlume glhe DXyEmilIanes Wd£iersiosed worgyymer did
not satisfy 20 another requirenment of the present invention. O her
properties of eradioly diheedemotteet revetigd e .y CheC @espoluier cate shown
in Table 3. 25 Conparative Exanple 2 An oxytetranet hyl ene gl ycol copol yner
was prdduced 2®1lymesi2GaSohlOrassittigna niidtiver weeparegdmtfdashtequnpped with
a frac- tional distillation apparatus (conprising a fractiona- tion colum,
a refrigerat oBpPexLr aedaid onalfivgmedd driymnild lpdasen asid ra drowend raad-nl et for
feeding THF. 220 g 5 of THE and 150 g of NPG were added to the separable
flask and sti rhed-€ermesr eigyadivsdi phaseoringerdalysiolseparation 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 receliving 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 pfe-
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 pm) 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-




tion. To the thus obtained solution was added 500 g 2% EhoggSgtungstic
aci d hexahydrate (as a catalyst) while stirring, t rFssol ve t he
catalyst in the solu 10 tion. The separable flask was i Mmersed in an oi
bath nmaintained at 85 'C and nitrogen-gas was fed to the flask at a
feeding rate of 10 m/mn fromthe uppengygportion of the refrigerator
attached thereto. The inner pressure of the separable flask was naintained
at 15 0.2 kg/cnRG by providing the flask with an exhaust valve which was
adapt ed to beeopegdgcoiiecopbdymemrewasppdasedeiaf at B@ m@pagyagplieant!| ask
reaches 0.2 kg/cnm2G The point in tinme when the tenperature of the reaction
system r eachedyp# fCasksandgheddddaatt R@OpdCNuindert 0NO52Qo0k bhelkskti ation
of the reaction. Thereafter, the tenperature of the reaction m xture was
mai nt ai ned at £or450mphyputesdivhdléHElpwlyheosepingbkbef kggklad® dype utes
after the initiation of the reaction, the bottom tenperature of the

fracti onati onféapbmteathatpbyt vdmpye2Shappnogached! NP0 Qg ;a tieer eby
initiate the fractional 25 June 2005 111 distillation of water-containing
THF. TiSe copoFyktsi anzaxysatramethyhenasgivaolnoepolgmetswasuob-in t he
above-nentioned nmanner. During the copol ymerization reaction, the reaction
m xt ure begant®én&@parate into a 5 catal yst phase and an organi ¢ phase. A
change was ob- served in the dispersion of the catalyst phase in the
reaction m xture afgetPRtyiBedspxytetranethyienstalivceht avpelypemse

I ncreased in accordance with the pro- gress of the copol ynerization
reaction. 10 BAPtle? RWEPEE, AVARATSMBIeERAF cuelghh, ofhé6L@jand 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 N, of
the obtained high molecular weight-side 15 wt% fraction

i5 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-




15 20 25 ring of the reaction m xture was discontinu nd 5 reaction
m xture was allowed to stand still for 20 mn- utes separate the
reaction mxture into two phases, nanely an upper reaction-formed organic
phase and a | ower reaction-forned catal yst phase. 740 g of the upper
reaction-fornmed organi c phase was recovey [x{: fromthe flask while |eaving
340 cc. of the lower reac- tion-forned catal yst phase in the flask. To 640
g of the upper reaction-fornmed organic phase was added 7 g of cal cium
hydr oxi de and gsted: afcidastanpirater@prA)or AR¥TINd FEEd Yol dhaur to
precipitate the residual catalyst and, then, the precipitate was filtered
of f by usingraw imatterialHE icpnitdi (), ivolvie dRumbtRiqed i ldHeat e was
distilled off at 60 C under 10 Torr to thereby obtain a crude

oxyt et r anet hy lrepetgiry M) ,copdune £ ke 200216t phmye (B7)y afpd-he

obt ai ned crude oxytetranet hyl ene gly- col copolynmer was placed irn a 100 ml
eggpl ant type ciffigsigrand tyeatfedhet cht@1gsunghase,l NEG rcacdmsation, 5

m nutes, to thereby renove the unreacted NPG As a result, an

oxyt et Banet hy mertd vgl powierc applljiest twasheb- llt;mz.ﬂecﬂ;erThm:iﬁbt\m]Jm
oxytetranet hyl ene gl ycol copolynmer had a nunber average nol ecul ar wei ght
of 1800 and afthexPGEcdBdMymemidz dtimen reiqulieedatfios Mtabfly2 bpenlatinghe 10
concentration of the residual NPG was not less than 1 %

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.

10




by weight. The a value (represented by fornula (1)) J th 0

oxyt et ranet hyl ene gl ycol copolynmer was 3.2 x 10.8 a

oxyt et ranet hyl ene gl ycol copolymer sat- isfied a reqU|renent of the present
i nvention. However, 15 the f3 value (represented by fornula (11)) of the
oxy- tetranethyl ene glycol copolynmer was 0.0568 and, thus, the
oxytetranet hyl ene glycol copol yner didomot satisfy another requirenment of
the present invention. Oher properties of the obtained oxytetranethyl ene
gl ycol 20 copolymer are shown in Table 3. Conparative Exanple 3 An
oxytetranet hyl ene gl ycol_copolyner was produced using a 2-liter separable

flask equi pped with a frac- 25 gi,opal distillati0n£a parat us (conprising a
fracti ona 25 June 2005 113Btiorfi&fum, a fefirijg¢rator| a feflux valve and
the like), a stirrer apd §n met“fornfeecmrgg BiHEl oP@D0 ot of THF and 76 g
of NPG were added to the Egpafdbl,es &f Fask 4nd sti T 2d o|{thereby obtain a
honogeneous solu 5 tion| &g & e €€ obt ai fed soluti on} was} added 500 g of
phosphot ungsti ¢ aci d hexahydrate—{(as—a—<catgdstrwhite—ptHrring, to
t hereby dissolve the catalysy inkthg soku- [titon. |The|sepprpable flask was
i mersed in an oi | bath| $mpihed getigat> 80 QofFhe pphndbnofime when the tem
10 perature of the reactip@-5Yg grf feached fnlnGopasnfeinvpar ded as the point
intinme of the initiatipR RfYpiEE §gact+on] Thereafter| [he tenperature of
the reaction m xture was—atrtatnred—at—4+HG+by-—+teedtngFHF to the
separabl e flask. 40 Mnptes gaftgr the initiati onfof _[LS/ thel reaction, the
bottom tenperature of the §rhdygona- IR
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tion colum was adjusted to approximately 69 Cto t by i9i4d ate the
fractional distillation of water- containing THF. 1hgﬁé®gé%z§§§zation
reaction was con- tinued for 24 hours in the above-nenti oned nmanner. The 20
reaction was perforned in a nitrogen atnosphere under an atnospheric
pressure. During the copolynerizatiomggeaction, the reaction m xture began
to separate into a catalyst phase and an organi c phase. A change was ob-
served in the dispersion of the catal yst phase in the 25 reaction m xture
and the viscosity of the separated 25 June 2005 1145 10 15 20 catal yst
phase increased in accordance with the pro- gress of the copol ynerization

reaction. After theftermpation o reac o, Jthe stir- ring of the
reaction mxture was dpscanti nued | 4w -gageilon m xture was allowed to
stand still for 20 mm relry| sSiepgiatie [t he reaction mixture into
two phases, nanely rme&’orgenic phase and a | ower
reaction-forned cat tih pder reaction-fornmed organic
phase was recovered romthe flask g lijeqvilng 340 cc of the | ower reac-
tion-forned catalysi:paé}sinthe'ﬁ eI gy of the upper
reaction-formed org A phase was|3H Y 2|d|dal ci um hydr oxi de and
stirred at roomtenperature for pp X matjelly [1 |hour to precipitate the
resi dual catal yst ﬁﬁd, them, tn Tprarg~—vweg filtered off by
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using a filter. THE contained in the thus obtained Ll rat s distilled
off at 60 C under 10 Torr to thereby obtain a crude—g%b¥%¥§%§§thylene
gl ycol copoly- nmer. 10 g of the obtained crude oxytetramnethyl ene gly- col

copolymer was placed in a 100 m eggplant type flask and heated at 120 C
under 0.1 Torr or less for 5 mnutes, to thereby renove the unreacted NPG

As a result, an oxytetranethylene glycol gepol yner was ob- tained. 25 The
obt ai ned oxytetranet hyl ene gl ycol copolynmer 25 June 2005 115 had a nunber

average nol ecul ar wei ght of 1750 and an NPG copol ynerization whole ratio
NW of 10 nol % EHEEEEgEEEﬁLEEEEBEEni the residual NPG was 500 ppm The no-
| ecul ar wei ght distrjbution Mv Vh of the obtained oxy 5 tetranethyl ene

gl ycol copol yner was™@. S¥EHREragihYIene HAxaed: coralypean&ag wpeoidusssol yer
satisfied a requite- negt of the present invention. However, the P val ue
(represented by foPfufa (++§?rcﬁeé%ﬁ??&?t%&%%ﬁnﬁﬂ%ﬂD@ﬁé wditic & f&8so! yner
was 0. 0562 and, Rhus é?ehgﬁgtelra 10 nnp@x%ene gl ycol copal yner, did not
satisfy anot her ‘8984112 atgkon | APDATA (Garatisdng @& KerPriomdti es

15 Comparat i ve. EXHETE- G hn e SRR < 7o S50 vede FRer Whes pr oduced
apparat us, a StLERRT SRGHIFIGH P Bl TURR hoErdecang S0 TPEORR 80 g
of NPG were 20 ghdgge 10,4 1355 GPYULNEG et a20daSthr LY Lo LASEERY °P-
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 sepafable 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 rggarded as the point in tiﬁe
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




tain a honogeneous solution. To the thus obtained 80-5%3“(12d§§ added 600

g of phosphotungstic acid hexa- hydrate (as a cataly irring, to
t hereby dis- solve the catalyst in the solution. The separable 25 flask was
imersed in an oil bath maintained at 75 C 25 June 2005 116 while stirring
the solution in the flask for 15 hours, to thereby performthe

copol yneri zation reaction. The excess anoli8 of by-produced water (i.e.,
remai nder of the by-produced water after consumng a part of water 5 for

roaction Syst om PORPEETERAE 1SS (4 ASAARE Lo Fehuet MAR AoCHERARae

I Xt fed t1 f ti .cal de of ql di -
et or a4 mm  na Rt T8 N % A3y, dha R 0 By LeBRdoul o

' t 3A, ) t hy. ad ' Th - d
i xture {com . hor Rer AT LM e A, TFom FRE COROOTRERG

d ti I ti t Bef, f eedi th
Gisti Tl ate (o & h e i i i COTS RS o3 ot ORSE0) thin thee 111 ed

i h : . . f . |
w th THF ®avi ng £hdARs ﬂéﬂffﬂﬁ%@g%km%e .g;Pg?iﬁgﬁgﬂg §9%8£§%%£$%%€¥+%ﬁt$0¥ 15

2.4 kg of the distillate was talne p ormin

hours. After tf“tééﬂﬂﬂdﬁﬁiﬁﬂé.Q%agng egﬁgkﬂQe bggaﬁtkﬁ' 2Bathig QFFéagd ‘o

reaction m xture was di sconti nue n reactron m xfure was a

stand still to iRkt PRR3EARRA AR bEEGhIRNpRLEEYN €41 01 On Y0, RHASES .,
nanmely an upper reaction-formed organiC p asB and a 1 ower ¥ eact i on- f or med
catal yst phase. sEi®edpa®r theagticpBrsion 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 ocbtained



25 formed organi c phase was recovered by decantati on, Tg 25 gge 2005 117
the recovered upper reaction-forned organi c phase wa S I ci um
hydroxi de, to thereby precipitate the re- sidual catalyst. The precipitate
was filtered off by wusing a filter, thereby obtaining a filtrate.- THE and
5 NPG contained in the filtrate were renoved by distilla- tion to thereby
obtain a viscous oxytetranethyl ene gly- cdlogcopol yner. The obtai ned

oxyt et ranet hyl ene gl ycol copolymer had a nunber average nol ecul ar wei ght

of 1730 and an gi%#ﬂPg%go ol%ﬂerization whole ratio NWof 13 nol % The
concentration of the 3&si"AFal i P lied 888 ponPOThE ¥nderl 48 TeehrElented by

and. thus, |t he BHEO) SRICHR o HF FYEELORAERT LR PS ST BROR FebaLY
Formil a (1)) of' o oyPelt athRoPhyPOREY GFoids COpe e WL 00 and.
Fequi rement of  RE RPEOLTIGE ekt PARCSR il 3200 prBbcPeRBLaRE HFES obi ai ned
oxyLet 2PV oty el s SRRV 136E: BNGNREL" ToORS LS COMBRL e,
G L4 et o SppErChest SCLAABEALY. g s Snatpor S00RR S % o
THE and 51 g of siiP, V8h€oxytetramethylene glycol copolymer was ob-
tained.
The obtained oxytetramethylene glycol copolymer
10 had a number average molecular weight of 1820 and an
NFG copolymerization whole ratio N, of 30 mol%. The
concentration of the residual NPG was not less than 1 %
by weight. The « value (represented by formula (I)) of
the oxytetramethylene glycol copolymer was 2.0 x 107
15 and, thus, the oxytetramethylene glycol copolymer sat-
isfied a requirement of the present invention. However,
the f value (represented by formula (II)) of the oxXy-
tetramethylene glycol copolymer was 0.0567 and, thus,
the oxytetramethylene glycol copolymer did not satisfy
20 another rgquirement of the present invention. Other

properties of the obtained oxytetramethylene glycol co-

polymer are shown in Table 3.

Comparative Example 2

25 An oxytetramethylene glycol copolymer was produced




added to the separable flask and stirred to thereby ob- _tain _a honbgeneous
solution. To the thus obtained so 5 lution was added uge 2005

phosphot ungsti ¢ acid hexa- hydrate (as a catalyst) while stirring, to
thereby dis- solve the catalyst in the solution. The separable flask was
imrersed in an oil bath maintained at 75180 while stirring the solution in
the flask for 10 hours, 10 to thereby performthe copol ynerization

reaction. The uENES nppnt .. of -produced water, (i.e., renminder of the
by- produced wat er a??é? conéﬂn%%égﬁng?tgg?s5WRQHiéﬂ%ﬁ'Wiipn@ngrﬁﬁé pol yner
term nal s) wasy{&@V 2ot ] THE frpomthe, reaction system by
fractional di :H:I 15 astf | on.%mvéég%%%‘ﬁung#wq oa t%‘%lig%@'so t hat
t he amount of & f t he sane_as th anount of THE
wi t hdrawn fr orrﬁ%e ﬁia{'g@"aggag%?ﬁs#ﬁ'f%; A s T ‘fér‘fﬁ r‘Fé"(‘de%f t he
reaction, the ' ri e [ ) X ure_was, di scontinued and the
20 reaction m%%ér);a V\E/{ag&aﬁ%%é ‘i&(;ags'ﬁ aﬁ@%i#?rt%e?%%ﬂm'sepapgtg t he
reacti op m xt € o an r reaction-forned organic
phase and a | ovverTmi ;&gg’\?ﬁ%%ﬁ%gﬂgﬁﬁﬁrﬁta%&o 'Fﬁ’@ FEPeraPdLct i on-
formed organi Cfm%ﬁ/@%{ﬁclcg/@r@cg &yegglggn%a%%fﬁnﬁ oﬁ%%rsg%r ed

8 g of

upper reaction-formed organi ¢ phase was

Sl oued 1o stand STt Per Sgorainld ot Yon: Wes, S3det! Bbpaseothe
resi dual cat ghtEphothithgifeid Rid A4 %é’i@aﬁi}t&fah?é qdLd c@éa‘f@is'%q hile
stirring, to thereby dissolve the catalyst in the solu-
10 tion. The separable flask was immersed in an oil bath
maintained at 85 *C and nitrogen ‘gas was fed to the
flask at a feeding rate of 10 ml/min from the upper
portion of the refrigerator attached thereto. The
inner pressure of the separable flask was maintained at
15 0.2 kg/cm**G by providing the flask with an exhaust
valve which was adapted to be opened when the inner
pressure 6f the separable flask reaches 0.2 kg/cm?®-G.
The point in time when the temperature of the reaction
system reached 74 *C was regarded as the point in time
20 of the initiation of the reaction. Thereafter, the
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




filter, thereby obtaining a filtrate. THE contained in _the {IJ{rate was
renmoved by fractional distillation at 40 C under 20 ne quently,

the still residue was allowed to stand still at 120 C under 0.1 Torr or
|l ess for 5 m nutes under conditions wherein the thick- ness of the pol yner
filmbecane 1 cmor less, thereby renoving NPG fromthe still residue. As

a result, 180 g of a viscous copolynmer wakllobtai ned. The obtai ned
oxyt et ranet hyl ene gl ycol copolymer had a nunber average nol ecul ar wei ght

of 1720 and an G opol yrmeri zation whole ratio N,,, of 10 nol % _  The
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served in the dispersion of the catalyst phase in the
reaction mixture and the viscosity of the separated
catalyst phase increased in accordance with the pro-
gress of the copolymerization reaction.
10 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 mih-
utes to thereby separate the reaction mixture into two
phases, namely an upper reaction-formed organic phase
15 and a lower reéction-formed catalyst phase. 740 g of
the upper reaction-formed organic phase was recovered
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 7 g
20 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
using a filter. THF contained in the thus obtained
filtrate was distilled off at 60 °C under 10 Torr to

25 thereby obtain a crude oxytetramethylene glycol copoly-
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mer. 10 g of the obtained crude oxytetramethyleﬁe 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
5 result, an oxytetramethylene glycol copolymer was ob-
tained.
The obtained oxytetramethylene glycol copolymer
had a number average molecular weight of 1800 and an
NPG copolymerization whole ratio N, of 21 mol%. The
10 concentration of the residual NPG was not less than 1 %
by weight. The a value (represented by formula (I)} of
the oxytetramethylene glycol copolymer was 3.2 x 1078
and, thus, the oxytetramethylene glycol copolymer sat-
isfied a requirement of the present invention. However,
15 the § value (represented by formila (II)) of the oxy-
tetramethylene glycol copolymer was 0.0568 and; thus,
the oxytetramethylene glycol copolymer did 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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tion column, 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 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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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-
utes to thereby separate the reaction mixture into two
phases,-namely an upper reactionwformed organic phase
and a lower reaction-formed catalyst phase. 920 g of
the upper reaction-formed organic phase was recovered
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
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 Tofr to
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
result, an oxytetramethylene glycol copolymer was ob-
tained.

The obtained oxytetramethylene glycol copolymer
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usi ng a catal yst phase hav- ing a specific gravity of less than 1.8) An
oxytetranet hyl ene gl ycol copolynmer was produced 5°in substantially the
same manner as in Exanple 1, ex- cept that the reaction conditions
(conposition of the raw material |iquid &bhtaining THF, NPG and phospho-

tungstic acid hexahydrate (HPA), feeding rate of the
had a number average molecular weight of 1750 and an

NPG copolymerization whole ratio N, of 10 mol%. The
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 B value
{represented by formula (II)) of the oxytetramethylene
glycol copolymer was 0.0562 and, thus, the oxytetra-
io 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




raw material liquid (F), volume of the liquid in the eactor (V), volune
of the catal yst phase (CV), spe- cific gravity of the%§%§%¥§é§5§£ase, NPG
concentration, notive power applied to the liquid per unit volunme thereof
(PIV) and tinme required for stably operating the reaction system (Hr))

whi ch are shown in Table 4 15 were enployeqjéThe properties of the produced
oxy- tetranethyl ene glycol copolyner are shown in Table 5. As apparent
from Tabl e 5 bel ow, each of the co polyners obtained in Conparative
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~ b o0o - + tytless amount of by-produced 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 {com-
posed mainly of THF) was withdrawn from the top of the
adsorption 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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the recovered upper reaction-formed organic phase was
added calcium hydroxide, to thereby precipitate the re-
sidual catalyst. The precipitate was filtered off by
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 o
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-
i5 quirement of the present invention. However, the B
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 properxrties 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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tional distillation apparatus, a stirrer and an inlet
for feeding THF. 900 g of THF and 51 g of NPG were
added to the separablé flask and stirred to thereby ob-
tain a homogeneous solution. To the thus obtained so-
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,
to thereby perform the copolymerization reaction. The
excess amount of by-produqed 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-
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 withdrawﬁ from the flask as a distillate.
AAfter the termination of the reaction, the stir-
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-
formed organic phase was recovered by decantation. To

the recovered upper reaction-formed organic phase was
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added 8 g of calcium hydroxide, and stirred for 30 min-
utes. The resultant mixture was allowed to stand still
for 1 day and night to thereby precipitate the residual
catalyst. The precipitate was filtered off by using a
filter, thereby obtaining a filtrate. THF contained in
the filtrate was removed by fractional distillation at
40 °C under 20 Torr. Subseguently, 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-
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
copolymerization whole ratio N, of 10 mol%. The concen-
tration of the residual NPG was 600 ppm. The a valﬁe
{(represented by formula (1)) of the oxytetramethylene
glycol copolymer was 8.5 x 10® and, thus, the oxytetra-
methylene glycol copolymer satisfied a requirement of
the present invention. However, the B 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

oxytetramethylene glycol copolymer are shown in Table 3,
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Comparative Examples 6 to 8

(Continuous polymerization using a catalyst phase hav-
ing a specific gravity of less than 1.8)
An oxytetramethylene glycol copolymer was produced

in substantially the same manner as in Example 1, ex-

‘cept that the reaction conditions (composition of the

raw material liquid containing THF, NPG and phospho-
tungstic aéid hexahydrate (HPA), feeding rate of the
raw material liguid (F), volume of the liquid 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 4
were employed. The properties of the produced oxy-
tetramethylene glycel copolymer are shown in Table 5.
As apparent from Table 5 below, each of the co-
polymers obtained in Comparative Examples 6 to é had
the B value (represented by forﬁula (II)) satisfying a

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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Example 9

(A method in which the copolymerization reaction is
pexformed in the same manner as in Example 1, but the
catalyst removal is performed without using Ca(OH):)

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
phosphotungstic acid hexahydrate as a heteropeolyacid
(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
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
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

in Fig. 2 was purged with nitrogen gas and the reaction
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was initiated 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
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-
tween reactor 2 and catalyst separation vessel 3 as
follows. The reaction mixture was fed tq 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
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
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.

The THF/water mixture was withdrawn from THF/water re-



i g "'C i e InoroOo WO O .i NmM a co HXTft | 0 CNN 25
June 2005 124 35 'June 3005

126

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
continucusly 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
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raw material tank 1 was charged with a
organic phase receiving vessel 5 containing the reac-
tion-formed organic phase produced while stably operat-

10 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.

15 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-

20 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

25 (pore diameter: 0.2 pm) made of polytetrafluoroethylene,
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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 OXYy -

20 tetramethylene glycol copolymer sclution was cooled to
40 °C so as separate the copolymer solution intoc 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



The reaction system 10 15 20 was operated in the abogﬁigﬁg%gﬁﬂgg manner so
as to maintain the volune of the reaction mxture i at 610 m,

the volune of the catalyst phase in reactor 2 at 330 nl, the NPG con-
centration of the organic phase at 0.80 % and the spe- cific gravity of the
catal yst phase at 2.15. When the reaction tenperature becane stable at 68
C, the con- tinuous polynerization reactorlZ%eactor 2) was operated
continuously for 33 hours. Subsequently, an oxytetra- nethylene glycol

copol ymer was predugced by operatin t he reactor. for 100 hours, T

resul t ant copolyﬁgr%zgy %?bﬁh{e%%t%hn?*ﬁ?ﬁ?ﬁ?@%&ﬂyééﬂﬁu %ﬁflrﬁqyég$nﬁﬁbEr
reac- tion-formedg_.ogrgani ¢ e and a | ower_ reactd qn-for. st phase
i n catal yst sepa?gt%oﬁyv‘@%g@? 3°€n %‘?ﬁ@ne t%r’e(??lea%c?[%rﬁ%lﬁﬂzegcfg@gyﬁi ¢ phase

was collected i nTRé'n ﬁéf Q\;’@Lse? er %o%ié’éurhgal%/%gesiséihts'wa@qﬂrog?ﬁijf tﬁ’x@ase re
[ [ 2 u

25 covered in organi ¢ phase réeceiving vesse S" used "as ne 2005 127

5 a reaction-for Qr |.C ase. containin n ytetras ene glyco
copol yner. The vgfgn%°ﬁ$T?$%f¥%%ﬁﬁ?PiWP%%ﬁa#%@% gﬁ’ﬁ%@ gfogﬁnggfhe vol une
of the catkal yst phase was 330 mi, and the concentration of NPGin the

organi ¢ phase of the reac- tion mxture was 0.80 % 5 kg of the reaction

m xture was takeﬁx&%lérf)@n

(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-
pdnents including octane. The mixture of the low boil-
ing point components was fed to distillation column 20

25 {an Oldershaw distillation column, number cof theoreti-



organi ¢ phase receiving vessel 5 containing the reac- tion-gﬁgged organic
phase produced while stably operat 10 ing the reacti THE
contained in the reaction mxture was renoved by fractional distillation
at 50 C wunder 50 mmHg so as to obtain a copol yner concentrate having a
copol ymer concentration of from45 to 60 % by weight. 15 To the obtained
copol yner concentrate was added n 20 25 odaBane in an anount which was 1.5
times the weight of the copolynmer concentrate, and the resultant m xture
was stirred so as.to.enabl e_the E ase se aratlon of the catalgst whi ch was

di ssol ved in th&%o &Fﬁﬁﬁr 2BncER1tmR,AdameF fE ?ﬂemﬁnnﬁﬂ%uBF FLoRbt al yst
phase formed by B@ g %lon of s étane 3@ very snm after_re- noving
the | ower catal yst gh PolPEREPEpPEF Tt LaffE apﬂé§5ur?h%fr%§Fﬁﬁ%l _
o i 11708, SR B R S e L il °
anapar oo g B B RERL AR LG L APARRIRCeh Wiy °
e e B el LU oo U SERBH  10
20 25 rate of 0.92 ml/min by using pump 34. The mixture of |
octane and water which was distilied 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 distillatioh 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



packed with approximately 1 kg of an activated carbon@5 go ég@ﬁﬁpy adsorb

and renove a snmall anmount of the catalyst which was t he
filtrate by the ac- tivated carbon. The filtrate was fed to the col um at
aflowrate of 5 liters/hr by using a punp. After the treatnent with the
activated carbon, the reaction mx- ture (eff{{uent) had a heteropolyacid
(phosphotungstic acid) concentration in terns of tungsten concentration
of 0.5 ppm Subsequently, THE was distilled off fromthe ef- fluent by

using an O dershayw distikkation £oL4MDebaE apstoRinsbeoyeiveal wlates: 10)
at 50 C under 440 mmHg, thereby obtaining a E renoved, oxytetranethyl ene

gly- col copol ynes+ 50k Ukd Plimh N2 OChASened PEQ OBE G NERe OXY ts1 86T BABEBYIEERS
gl ycol copolynmer solution was cooled to 40 C so as separate the copol yner

sol ution into amiin@siRrNendheshpanst@be O3yt thé aiRhSY| eapod! geol200pal.yner
phase. The oxytetranethyl ene glycol copol ynmer phase was recovered as a

partially purifimge resgté®nofn ¥idhem iddedpatheadiytpulaties ceachnowas
m xture contai ned 25 June 2005 129 53 % by wei ght of an oxytetranethyl ene

gl ycol copol ynmermaifbafhdy s€i ght Dérn: oclianerspur vloHirave ghromftiNPG  The
nunber average nol ecul ar wei ght was 1710 and the NPG copol yneri zation
whol e rati o NW veasludim S5t ¢l $hidh Bxasptemidsédwoashey @fir TRF caasonomdeldod)
An oxytetramet hyl ene glycol copolynmer was purified fromthe partially
purified reacti doy medns cobbtandenising 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 glyccl 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




10 in Exanple 9 by using the purification system sho I N ' 5 5. The
partially purified reaction m xture obtained in Exaﬁg#bggigég—placed I n
reaction mxture tank 16 and the reaction mxture was fed fromreaction
"m xture tank 15 16 to mixer 18 at a flowrate of 12 ml/mn by using punp
17. Water was fed to mxer 18 at a flowr ke of 3.2 mM/mn by using punp
24 so as to mx the reaction mxture with™water in m xer 18. The resultant
m xture was fed to centrifugal nolecular distillation apparatus 20 19 to

t hereby renoveggelane, ﬁQghO&QEVrheﬁngEhiBPFEQ'QEabi@”EQHﬁEEioBBOHhEhe

m xture at 120 C under Torr Istillate was a m xture of | ow

boi Ii ng poi nt SHWNPQOBSHEénkBSkHthQfOQt@n% ahBalll ¥k¥hReObohBRneW-boi | -
i ng point conponents was fed to distillation colum 20 25 (an O dershaw

distillation cehganesngnber of theoreti 25 June 2005 130 cal plates: 20,
columm dianeter: 50 nm colum height: 1,350 nm to thereby distill off a

m xture of octane -aRd ﬁ@k@fléaoakyhetkemebﬁyh.éﬁa geyBeenesbpolFherdi stil -
| ation was performed by feeding the m xture of the low 5 boiling point

conponepts to Beo¢et8gaANihopxgtedrhmevhylahe gllyRod2cBbbmismely tankngpunp
34. The m xture of octane and water which was distilled off fromdistill a-

tion colum 20nhsAasafedxitcdeamathylenet glyhelcbypsepherr abatehe wiExture

into a lower water phase and an upper 10 octane phase. The | ower water

phase was recygbed dbo mertheanniNrar cdB8tbytusiEngepamphdd 80 gpsit ehidatnon

colum 20 by using punp 34. The upper octane phase was recov- ered in

oct ane storagentankaf8. cdhtentcofeledsothane50 ppm. The number aver-
age molecular weight was 1710, the molecular weight

10 distribution was 1.75, the NPG copolymerization whole
ratio N, was 15.6 mol%, and the B 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 In connection with the above-mentioned analytical
results of the purified oxytetramethylene glycol co-
polymer, the following is noted. Each of the NPG con-
tent and the n-octane content was determined by gas
chromatography and the determined wvalue 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




can be used for the phase separation of the catal yst_15 frogikge
reacti on-forned organi c phase. The reaction m xture h

centrifugal no- lecular distillation apparatus 19 was fed to distilla- tion
colum 26 (nunber of theoretical plates: 17, col- umm dianeter: 80 nm
colum height: 1272 mm colum 20 packi ng: Mel apack CY) by using punp 25 at
aflowrate of 6.2 mM/mn. A fresh THE wagsfed fromfresh THE tank 29 to
heating nmeans 31 at a flowrate of 20 mM/mn by wusing punp 30 to thereby
heat THE to 120 C, and the resultant gaseous THE was fed to the bottom
portion of 25 dif¥tT4Y4&f i oRPEoPHIRe bBanGHaytene cwhycaheamg ymesvaodte 25
June 2005 131 tg Be THE fl ow rate becane approximately 170. Distil- |ation
col um 26 was h % GmPard £ &GFSPH&t?ﬁEPEBFhféenﬁBQ%Y§?% EPROYBRPer at ur e
of the inner vagpr t 120 .C. =~ The de%ree of vacuuminside the distillation
col um was 5 nai §8IEFHE§ObYo?Pb ?ﬁ%t%BBthﬁﬁFﬂH@%WHE%QQﬁn?%éTH%oIunn

top which was c ose%lnalnlgp cooled by neans of condensing
means 27, to the ﬁecogﬁﬁﬁPedaﬁﬁ the P?ﬁh%%?%d9%¥&ﬁﬁr%ﬁs fed to

raw mat erJ al t%n% 3 The nﬁiratur liquid withdrawn from 10 the
bottom pSrtion of dr FPFI§}V8 CSPH YBRT haHCEnt R XY IR biRe e R v col
copol'ymer cont egt .gf ggt Thi UId such was fed.to
centrifugal no- Tecular “§isel F§¥$Sﬂ %%?% u§°% HAYE THE cont ai ned

therein was renoved at 120 C under 0.5 Torr, thereby 15 obtaining a
purified oxytetramethyl ene glycol copolyner. The renmoved THE was recovered
in ram/naterlaIE&§m51g811and the purified oxytetranethylene glycol

copol yner was

(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 liguid. 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 liquid
was smaller than the amount used in Examplé 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-



recovered in oxytetramethyl ene gl ycol copol yner tank 33. thﬁ %he
conditions inside distillation colum 26 be 20 cane s 05

distillation colum was filled with the copolyner, raw naterial tank 28
was changed to raw material tank 28 (not shown) so as to collect a THE
sol uti on conposed of gaseous THE whi ch was rﬁfovered under stable
conditions. 25 The THE solution in ram/natér al tank 28" (not 25 June 2005
132 shown) which was recovered under stable conditions had an NPG

concentration Ofme%%.yoi{?e[ac{]qna?rﬂr&ct%ﬂg fpém}?\;gtc;@'tﬁé Oy Odifed PhadPeoRuUrified

oxyt etranet hyl ene g ol ~ copol ymer recovered 1 n oxytetranethylene glycol

copol yner tank "cﬂgﬁ‘?ee ﬁ{gsg;%flee{ t a@/&f{ﬁgayfﬁls&mxwﬂlwnéﬁ@t of 99

% or nore, an N ess 80 ppm and an n-octane content of

l ess than 50 pprgamwg?ﬂﬁﬁl@ra@wﬁ{ “E:Agfp 10| SN AT et bt ¥@Si 4748, ik he

nmol ecul ar weight 10 distribution was 1.75, the NPG copol'ynerization whol e

ratio NWwas 15.48,0midnt A0 hend s aed URark AP £5 1K efhkedip1é Of Mt Reféby) was
0.0543. The thermal stability of the oxytetranethyl ene glycol copol yner

was 333 G and t gyt L0 Hg | HeXr PESHT SRy t St PEROTRPNERe W1 e SPHAoPBS YO . 15
In connection with the é%ove-nentioned analytical results of the purified

oxytetramet hyl ene gl yofd fig-i Py Miytditarkatiyldng ¢Bydl ecbpdbgtenf t he
NPG con- tent and the n-octane content was detern ned by gas

chromat ogr aphy aigh tdie slepes i anskvigl erge WgBydealetopbbym@d ¢dmetemet eefi on
limt of the gas chromatography perfornmed wunder conditions nentioned
above. The anpurag of dihemore, 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.

In connection with the above-mentioned analytical
results of the purified oxytetramethylene glycol co-
polymer, the following is noted. 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



residual THE in the purified oxytetranethyl ene gl ycgg gcggé!géger was

determned in terns of the low boiling point conpo | ed of f by
heati ng the oxytetra 25 net hyl ene glycol copolynmer at 80C under 5 Torr for
30 25 June 2005 133 5 m nutes. The oxytetranethyl ene gl ycol copol yner con-
tent of a purified oxytetramethyl ene glycol copolyner was determ ned by
subtracting the total weight of THF, NPQ@®md n-octane contained in the
purified oxytetra- methylene glycol copolynmer fromthe weight of the puri-

fied oxytetranet h)é%e e glé ol copolymer. Exanple 11 (Production of an
oxyt et r anet hyl efi& Y@‘EB i}S‘Bﬂr PRRLYMER a5 Y Trrdard NAeTedoFerdd in

Exanpl e 10) 4 kgigf éhe Iﬁg%sol tion in raw material tank 28, which was
recovered in ExXanprecio, Q¥ﬁ$§¥§ﬂmﬁtqﬁ%&neN9é¥&H& FRESPEBELNGSP I c aci d
hexahydr at e (HP@%n}éverE added_thereto in anounts such that the NPG
concentra 15 ti 6n and t heP HPRE 2oN R reltr e Y kane (A%l MORLYMETe
becanme 8.7 % a .9 % _res tively. The resultant _solution was used as a
raw material | irkg%%d(?e gr’lr"(')%/ggt r%‘?%ﬁﬁffq@rw g#‘fc&l“@&péﬁ%%‘rt WwEs THFeduced
in sub- gtanti gy ¢ nner_.as, in Exanple 9 except that 20 use was
made of The aboveqnéelbnfi%ﬁge%t#%w%teﬁrﬁ% IJTDq[H%’r?. Pulfd?tii‘?éir OxXyitgE&EARE amount
of the raw mat efi@ ofdd G4 ﬁﬁ“ han .t he amount in Exanple 9,
the re- action wégi%erﬂ%pﬁgﬁﬁﬁ%Pfo fségaﬁﬁhF eaﬁ?@ﬂ%ghg&iggﬁiPuFFiation of
the reaction coghggdime%{meogl@&tlu%%p\gﬁ%m%gj ained in the above
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-
mofed 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




25 June 2005 134 nentioned manner and 1.5 kg of the ain action

m xture was partially purified in substantially the e ras in
Exanple 9 and further purified in substantially the sane manner as in
Exanple 1, thereby 5 obtaining a purified oxytetranethyl ene glycol
copolymer. The purified oxytetramnethyl ene glycol copolyner had an

oxyt etranet hyl ene gl ycol copolynmer contentizef 99 % or nore, an NPG content
of |l ess than 80 ppm and an n-octane content of |ess than 50 ppm The

nunber aver 10 _age nnle%glar wei ght was 1780, the nol ecul ar wei ght
di stribution wad'®t FEPATREeQPENEs, 4Ry RELARS PBASAhbRBDEE PPBsS RV 3RS a5. 8

nmol % and the (3 val ue epresented b formula (11)) was 0.0543. The
ther mal st abili Pf\ié?"efhg’ﬁ‘aéfytﬁw&ﬁe?ﬁ??eﬁe iRk G \RRASEARBIL-C and

the 15 col or index neasured in accordance with APHA was 10. I n_connection
Ve ey BaelY, ChFalnash: FRvBe i RetoLFi 1ose of o

w th the above-nent’
he follow ng is noted. Each of the

opielraret iyl ene qlusol b BOLNTEC LS, QLAY |3 noted. Each of the
cpr omat ogr aphy and e de b st xatus, bos, LML dhat ot Dl del ceclon 11
R A s M U kN
o o DU ESLAAS ey A S0 dEnfs 0% Wik SoSRLONL S 1Y
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 wvapor at 120 °C. The degree of vacuum inside

25 the distillation column was maintained at 450 Torr.



m nutes. The oxytetranet hyl ene gl ycol copol yner con- t Q purified
oxyt et ranet hyl ene gl ycol" copol yner was determ ned 6¥£§§§F#%%§§ng t he total
wei ght of THF, NPG and n-octane contained in the purified oxytetramne-

t hyl ene gl ycol copolymer fromthe weight of the puri- fied

oxyt et ranet hyl ene gl ycol copolynmer. THF an di ol recovered by the

stripping process and the centrifugal nolecular distillation can be recy
10 cled w thout causing any adverse effects on the reac- tion rate and the

quality of the ﬂgdyﬁﬁgﬁe%%%lg§£%-f£w'ms gbyGh €8POWMABR. wE¥aBBhe 12 15

(One-step purificati copol yneri zation reaction was perforned
in substantiallyslaeng MBENEhF a3ak NcbS 28R By ImE¥AEPLE EBABehBEng

pol ymeri zati on TYeaction untder stable reaction conditions was performed for

150 hours. A papd.of 7T 28 Eﬂ@%éb?eﬂigﬂek echBUgapbtai pad ERachiqueni xture
a

was re- noved by disti tion and the catalyst contained in the reaction

mxture was renpygd Pypbhewagddithopoofawimaebanal tahkowed bynohesen
separation and filtration. THF remaining in the resultant reaction mxture

was re 25 novedcbywpst-sthtbaiighidndithheswnt Beomeanki DBt HbMt poet2bnlotie
2005 136 was separated into an octane phase (upper phase) and a pol yner

phase (|l ower phase}ilTheien! ¥oEamAahasehnasSancoxgteeranethizéeabygdyteailni ng
approximately 10 kg of a partially purified reaction m xture. 5 The
obt ai ned parti atbyopuaéeti edntenet o6N90i 2t aremolrad afhibxylidquibdeasyseck
gl ycol copol ynmer content of
was fed to centrifugal molecular distillation apparatus
32 and THF contained therein was removed at 120 °C un-
10 - der 0.5 Torr, thereby obtaining a purified oxytetrame-
thylene glycol copolymer. The removed THF was recov-
ered in raw material tank 28 and the purified oxytetra-
methylene glycol copolymer was recovered in oxytetra-
methylene 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



49 % an n-octane content of- 49 % a THE content ofﬁﬁm NPG cont ent
of 1 % An oxytetranethylene glycol copolyner was p 5 fromthe
above-obt ai ned reaction m xture by the one- step purification nmethod by
using the purification sys- temshown in Fig. 4. The partially purified
reaction m xture obtained above was plac dﬂ n 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 mM/mn by using punp 24. A

fresh THE was fh%ql farnorgxf{t%s&ayﬁgall%g %%.ytcf?)lhecﬁ;ﬂ NSorderdt &l ow

rate of 8 ml/mn - by usi'ng punp , and "a“gaseous THE heated to 120 C 20
was fed to the daotl yp %fﬁ,orarpfmfa Hidtleaftl YF OUdMdh 8ol lpr Add@ & the

NPG flow rate to the THE flow rate be- came approximately 182. Distillation

colum 26 was eRiiethd 'R YH Sidds thdmRigy ?ﬂhth‘hbemﬂﬂb%&Wa%le- t he

inner vapor at 120 C. The degree of vacuuminside 25 the distillation
colum was mai Rl A dlfu14R0 wEiIight 2Rs] Ut 200 el 3o i Mapafe i hidr awn

fromthe colum top which was com posed nmainly of THE was cool ed by neans

of condensi ng 4RARS bhihidD Wderiebys | itaeeNeg heopalpmier duk 1de whale- i ed
vapor was fed to raw material tank 28. The high 5 tenperature liquid

wi t hdrawn fromdha oot !t easpast.iiomodk, dndt ithlealpl 1@ (Hep2 shated by
oxyt et ranet hyl ene gl ycol copolyner content of 90 % or nore. This liquid as
such was fed tforeeita i(flme) wad acuderldi sFuithkeron thppahatroael 3traand THE
contained therein was renoved at 120 C un 10 der 0.5 Torr, thereby
obt ai ni ng a pumifliieyy afyttdte amertetramethylene glycol copolymer was
333 °C and the color index measured in accordance with
10 APHA was 10.

In connection with the above-mentioned analytical
results of the purified oxytetramethylene glycol co-
polymer, the following is noted. 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-




t hyl ene gl ycol copolyner. The renoved THE was recov-_ered i haW mat eri al
tank 28 and the purified oxytetra- nethylene glycol §§$§¥¥%§9~5as recover ed

in oxytetra- methylene glycol copolyner tank 33. Wen the 15 conditions
inside distillation colum 26 becane stable and the colum was filled with
the copol yner, raw mate- rial tank 28 was wnged to raw material tank 28
(not shown) so as to collect a THE sol ution conposed of gaseous THE whi ch
was recovered under stable conditions. 20 The THE solution in raw nateri al

28" (not shomn)r?e%@élc‘%%égﬁg}%&gpv &ﬁﬁ@frfﬁgrﬁlb&ﬁec&?gbﬁ{ogﬁ PR AAr PG

concentration o n oct ane ‘concentration o 18 % The purified

oxyt et ranet hyl gng, gl ﬁ%‘?éﬁ/ﬂ‘gi ONET 880 Lyt etranet hyl ene gl ycol
copol ymer tank 33 25 unee 2005 T 8erﬁ§d§g§r:1 oxyte rmt hyl ene gl ycol

copol yner content of 99 % or nore, an NPG content of |ess than 80 ppm and
an n-octane content of |less than 50 ppm The nunber aver- age nol ecul ar
wei ght was 180Q3xdddigidoiecul ar weight 5 distribution was 1.78, the NPG
copol yneri zati on whole ratio Nw was 15.1 nold, and the (3 val ue

(represented by pFoiuBe for 1d9 )anesx Pt HObdhe tipléher glibe1t bepoBimstaby
bility of the oxytetranethyl ene glycol copolyner was 333 C and the col or

i ndex neasur ed 43¢ CRHE afgeovetdd 10 BRiHfpyesidp. In connection with the
above-nentioned analytical results of the purified oxytetranethyl ene

gl ycol co- polyner, & hey fast |'THE ngolwtimi eth e matethal NP&hkon8 't ent and
the n-octane content was determ ned by gas
which was recovered in Example 12, was taken out and
the n-octane content thereof was lowered to 1 % or less
10 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 composed mainly of THF and n-octane was with-
15 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
20 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

25 distillate withdrawn from the column top contained 81 %



15 chromat ography and the determ ned val ue was | ower than tgg getection
limt of the gas chronmat ography perfornmed under con I oned

above. The anount of the residual THE in the purified oxytetranethyl ene
gl ycol copolymer was determned in terns of the | ow boiling 20 point
components distilled off by heating the oxytetra- nethylene glycol

copol yner at 80C under 5 Torr for 30 mnuta®. The oxytetranethyl ene glycol
copol ymer con- tent of a purified oxytetramethyl ene glycol copol yner was
determ ned by subt S['Cti ng the total weight of THF, 25 NPG and n-octane
contained in the“'d{] B -ed %y 0dt Rgogtananandoeprreginetaly ehel gb yebl NPG.
copol yner fronltmg\@?ﬂyu,cﬁ the purl fied ox¥tet(anpthylgne gl yco

copol yner. Exanpl &€185tddladscrensebiantedytet Aaabihjebhen gly oo

copol ynmer by uslbg% }; E recovered in Exanple 12) 6 kg of THE solution in
raw material tankK 28" VISEhMEANRESPY cltiRg ctini AlERashee dbstigatiamen out

and the n-octang qont ent tgereof was lowered to 1 %or |less 10 by
distillation. Specitical PV PEReCHEICRTREIGRL Wadatesy 1Q) ndas g

distillatigon colﬂggrggvingsggcon- ensatjon zone (nunber of theoretical

plates: 5) and a  recovery 78he YhERoes Bix tFRbletPEat - pratheredy ob-
mxture comosed. gk Lypgl THEL0 el anstes a0 1% diam from (he o
o]0 o 6] B MR W S s o
diameter of 5 cryfRdaawEChUE® 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 copoiymer 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-




20 height of 1 m and the inner pressure of the di Ségi;i' ba- EED&% col um was
830 mmHg and the ref lux ratio at the columm top un G ol i goner
m xture which was w thdrawn fromthe bottomof the distillation colum
had an n-octane concentration of 1 %or less, and the 25 distillate

wi thdrawn fromthe colum top contained 81 % 25 June 2005 140 of THF, 19 %
of n-octane and approximately 0.1 % of NP1 The distillate was subjected
to distillation in a batchvvi se nmanner by usi ng an A dershaw distillation

colum (nunber of ﬂ oretl gl at es; under atnos 5 pheric pressure
with ref lux rafP"® eﬂe I’l r%‘BEIOJdB“e ain a THE sol ution having an

n- oct ane content of % of the thu bt ai ned THE soI tion was
mxed with 60 g of t W%ﬂ ‘gn%’f YiRtGamet %Wolt a‘ﬁnY t om of

h [ I I 10 T dded
Egé éﬁaiéﬁggéifﬂéé%%st %EICOC tg@%%n” tio t 'rﬁtei]?e# ?Ztsunmqgé}n%”?‘lnxt rgfaa tﬁe
becane. 8.7 t %] 9 8] rnfreé:b'g% i've conatﬁﬂs etISLIIIPT Sttt LﬁoacPrP TS Ul as a

I | ol -
raw mat ey a &éf#r; e OB o AR ML A Bl e! GRROLUIRE AT RLO

duced in substant sarre mannér- as 1n except use was
made of the aboy, | t he
anount of the raw rraterl a I|q m‘/"éagsrsnaq e%ﬂ%e{nrf!:]tt%éﬂggﬁou rg:{q}gted in Ex

20 anple 9, thegiSacih b dRsvRer o]r.;‘reqzﬂeorNﬁ ﬁﬁ@g Bl

stabilization of the reaction conditions xt ure was obt ai ned

in the above- nefgiPNed wvaNM]. 02R11, O0akd Phet REvERLA 'B%Qpﬁ:@@&h't% 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 accordénce with

APHA was less than 10.

THF and a diol recovered by the stripping process

and the centrifugal molecular distillation can be recy-
i5 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-




m xture was purified in substantially the sane manner 22 as i%iExaane 3to

thereby obtain a purified oxytetra 25 June 2005 141 yCco
copolymer. The purified oxytetranethylene glycol copolynmer had an

oxyt etranet hyl ene gl ycol copolynmer content of 98 % or nore, an NPG content
of less than 80 ppmand an 5 n-octane content of |ess than 50 ppm The
nunber aver- age nol ecul ar wei ght was 1790144 he nol ecul ar wei ght
distribution was 1.77, the NPG copol ynerization whole ratio Nw was 16.0
mol % and the f3 value_(represented by formula (I1)) was 0.0516. Further,
the thermal stabffXaredisl of Thee obtpinsedameenyionenykyese copbajned was 335
C and the color jndex measured in accordance with APHA was |ess than 10.

THE and a diol r2eotvted'Bishtheiian spie Hogedsy leagd Sl ode SOPPLYBEE

mol ecul ar distillation can be recy- 15 cled w thout causing any adverse
effects on the re¥PIIYh FarBiEatitfe afshili by berapreiplodnd&s ofyt &t Pane-

t hyl ene gl ycol copplynmer. Exanple 14 20 (Purification of a copolyner
produced using -gﬁ%98£1 Qﬁgaﬂ?zQWﬂ(% RYr ¥8donénofi *t GrBekdnedialng an

oxytetrangt hyl ene glycol_ copol yner, s obtained in substantially the sane
manner ag?in Exanpl e 9% f@@ﬁ%'Pﬁ&Flﬂ FEEF AN ERAKPIES 2Bag RH§1¥h§ﬂged to

an equival ent My A U0 1L §nd0 SAHeena002 45 1S EReNLEe 180e Obtai ned
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 molg.

25



55 % by wei ght of an oxytetranethyl ene glycol copolyper.  co ed of THE
uni ts.and. 1, 6- hexapedi-ol iuni:ts, :45 1 by weight of ﬁ£§é¥%¥%£ﬁﬁg 1 % by

wei ght  of 1, 6-hexanediol’.” 5 The above-obtai ned reaction m xture was
purified 1in substantially the same manner as in Exanple 10, thereby
obtaining a purified oxytetranethyl ene g*gﬁol copolynmer. Specifically, the
purification was per- forned in substant |y the sane manner as in Exanple
10 10 except that the flow rate of gaseous THE fed to the bottom portion"

of distillationgg#lEWuQG was changed so that the flow rate of gaseous THE
becane 5.3 tines the anpbunt of 1, 6-hexanediol contained in the reaction

mx- ture (i.e{PutbPication o&f-taecégsﬂfrﬂgr rpgsdded Resimpa 1o tion mxture
to the feeding rate of gaseous THE becane approximtely 901). As a.result,
a purified oxypevpanedbshydene @iyrpl copol ymer recovered in oxytetra-

met hyl ene gl ycol copol yner tank 33 had an oxytetra- nethyl ene glycol

copol yner content ok S8adtidvn mﬁuﬁe%ﬂtﬁ&tﬁi@r@ﬂi&%WMtr@lén%ss t han
80 ppm and an n-octane content of |less than 50 ppm e oxytetra-

net hyl ele gl ycglycopotypelyhér RasusbeainNe! HYoswbd eontid By Wrigdanf 1700
and a 1, 6- hexanedi ol copol yneriza- tion whole ratio of 15 nol% 25 25 June

2005 143 Exanpheniér (&sriiiERamnpbeod excepo! Rt NPEASES 145i Kardp =
propanediol as a diol) A reaction m xture containing an oxytetranet hyl ene
5 glycol copol gneaswasangédi bedahneguisabeht ahdyat hEnsane of 1,3~
propanediol. The cbtained reaction mixture contained
55 ¥ by weight of an oxytetramethylene glycol copolymer
10 composed of TH? unitsvand 1l,3-propanediol units, 45 %
by weight of n-octane and 1 % by weight of
1,3-propanediol. |
Tne above-obtained reaction mixture was purified
in substantially the same manner as in Example 16. As
15 a result, the purified oxytetramethylene glycol copoly-
mer recovered in oxytetramethylene giycol copolymex
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%.



manner as in Exanple 9 except that NPG used in Exanp!g 9 xgggghanged to an
equi val ent nol ar anount of 1, 3- propanediol. The obt ion mxture

contained 55 % by wei ght of an oxytetranet hyl ene glycol copolynmer 10
conposed of THE units and 1, 3-propanediol units, 45 % by weight of
n-octane and 1 % by wei ght of 1, 3-propanedi ol. The above-obtai ned reaction
m xture was purified in substantially thgggane nmanner as in Exanple 10. As
15 a result, the purified oxytetramethyl ene glycol copoly nmer recovered in
oxyt et ranet hyl ene gl ycol copolymer tank 33 had an oxytetranet hyl ene glycol

copol ymer con- tent of 99 9% or ANPESTRIALABPEGHRM:BIY content of |ess

t han-80 ppm and an n-octane content of |ess than 50 m 20 The

oxyt et r amet hyl ene glfgﬁiC@@ﬁﬁ?ﬁﬂmeqﬂﬁiﬁﬁenS#ﬁéplavopéﬁﬁgérnﬁfeEDFaPr%eight

of 1700 and a 1, 3-propanedi ol copolynerization whole ratio of 15 nol % 25

June 2005 144 | NISOSTRIDAEHARDN CABAGET L STIRO L@k pedt PEnEPRPILERETEFIBE

copol yner of the pre- sent invention, which _ is_ obtained by copolynerizing

t et r ahydr of ur an qﬂﬁﬂiﬂﬁﬂﬂaﬂgFW@bW%&ﬁ&nﬁﬁﬂcHlﬁﬁglaaBdsH &chi Bagudber

aver age npl ecul ar_ wei ght pecific nolecul ar weight distribution and a

speci fi ¢ heopentSA®C ﬁﬁiﬂuﬂumﬂﬁﬁﬂﬁﬁﬁéﬁgfaﬂpéﬁCPéFFoweéﬁhFblPSSPBEFE%Ftlng

point and | ow glass transition tenperature. By virtue of these i roved
MRARRAT, B

properties, the nﬁFﬁﬁP&nglfGIQPVG&Pn 81 $nEPeGififenpPRERRYL _
e 18l e, sugRIRS I PRy TPEEACLoR BACgar oPRABLEF chognpe e ing 1T 1Y
peint 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.



a polyester, which have excellent |ow tenperature pr Jusk ' 15 Furt her
by the use of the nethod of the present invention ' g an

oxyt et ranet hyl ene glycol co- polymer, it has becone possible to not only
purify the copolyner wthout causing the clogging of a condensa- tion tube
and a conduit by the solidification of the 20 diol, but also recover a
recyclable diol. 25 June 2005 145 CLAI M5 543. An oxytetranet hyl ene gl ycol
copol ymer, obtained by copolynerizing tetrahydrofuran and neopentyl

glycol, having the follow ng characteristics (1) to (4): (1) a nunber

aver age nol ecul ar wei ght M of from soéiﬁﬂlgboo; (2) a characteristic
wherein the wei ght average nolecular weight Mv and the nunber average

nol ecul ar 10 wei ght M satisfy either the following (i) or the fol- |ow ng

Wi M 1ot 0. or T(11) 5 et Bt B S G ot bR B o P Bt Y 1. 5
def i ned by LZ%?@?%&%&? ?“@?ffé%%%@é‘n T AdeReng) s 1 ?oo
(1); exg (M Xh&vgﬁéogﬂezébllow1ng 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
10 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
15 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)°%°

20 = 1.100 (T)
exp (Mn x 1.2/100)

s

(3) a neopentyl glycol copolymerization whole ra-

tio Ny of from 6 to 30 mol%, wherein said neopentyl

25 glycol copolymerization whole ratio N, is defined as
the molar percentage of the amount of neopentyl glycol

monomer units present in the whole oxytetramethylene




(3) a neopentyl glycol copol ynerization whole ra- ti% %Ofgédé’m 6 to 30

nol % wherein said neopentyl glycol copolynerizati o Nwis
defined as the nolar percentage of the amount of neopentyl glycol nonomner
units present in the whol e oxytetranethyl ene 25 June 2005 146 5 10 gl ycol
copol ynmer, based on the total nolar anmount of the tetrahydrofuran nononer
units and the neopentyl glycol units in ddi6d whol e oxytetranet hyl ene

gl ycol co- polyner; and (4) a characteristic wherein the nunber average

I I i gh h I I I i zaz _Li whol [
(i) of Iﬁ;got@%@éépﬁiﬁﬁg-ybﬁeﬁ?eoﬁﬁfiﬁéf,giéﬁﬁlﬁ'eé’rﬁ@aﬁﬁna%I:Z,I chI”
the o SPyPERE ~ BAYES: "Boptry et I gly
15 W o' ract  on BF E%It%'a%w%%fﬁéﬁat_ i byt 5@_@;;%%%%@%%%@% e
00960 15 20 25 TGrar KT d asrid: Ahgad) Hv Rk spherhlnle divieliBes

amount of neopenfylabyc nmononmer units present in said high nolecular
wei ght - si de 152M¢#m%récgkgn, based on the total nolar anount of the

tetrahydiof uran monoggy ugi {ar A0kt 1RGN n W Huntls! Sdkaal d i gh

molecular weight Mn, the neopentyl glycol copolymeriza-

tion whole ratio N, (mol%) of theroxytetramethylene
glycol copolymer, and the neopentyl glycol copolymeri-
zation partial ratio N, {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

Nn / N 7 M0 2 ¢ 0.0560 {11),

15

wherein N, is defined as the molaf 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-




nol ecul ar wei ght-side 15 wt % fraction, wherein said i gh ul ar

wei ght-side 15 wt% fraction is a fraction of said 35¥E¥¥£2h§§hylene gl ycol
copoly- ner, which fraction corresponds to the area of a part of a whole
peak representing the nol ecul ar weight dis 25 June 2005 147 5 tribution
over the whol e range of froma |Iow nolecular weight to a high nol ecul ar
wei ght in a gel perneation chromatograml#7 said oxytetranethyl ene glyco
copolymer, wherein said part is taken on the side of the high no- |ecular

wei ght includin i r ight d al e and
wherein the ar egr%‘?‘?g%% (?)wa% ngjfee%%‘%\%r%mpggk%rs HEL% %L%énseg%c@r}atrhe area
of said whole pg : ﬂ%ﬂ:f r.aduyci:ng _t 0 tr hyl ene
gly- col copol yne?glg% ]éc)? galx nﬁulgﬁl\rfﬁ% ch cloa(r%rpr“%slﬁ& sl_u jae_ |ln3>%&§}eragﬁ§hr of uran
and neopentyl GkyEGha{drah (P UL AR HUASICHIGN, 14D Q{g@%ﬁ%&%z‘?f a
het er- opolyacid catal yst, 15 said copol ynerization reaction I'n

continuously peRdALIRkd{ W PrES nOfo]p‘g’Z: & slifie? SEOHHNHAYH fB-

pol ymeri zation reactor while continuously I ng tet- rahydrofuran and

neopentyk gl ycoledl 4 &yt NYRUSIEGg RPeY TRk Al HB 18G5 walagh\eh! l'e

continuously renoving 20 water which 1I's by-produced 1 n the copolynerization

re- action so tiatsdie vHPW hfk WHEWHeTeaW ¥hkedrbd 3£ ls@Mel pwker gkn a
two- phase reaction systemis forned which conprises an organic phase
conprising a salhd ivbleofpaaopentng gl veskd Bnt eheaBydaobyr aaiangnbayi ng a

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




25 neopentyl

wei ght %

based on the weight of the organic phase,

t et r ahydr of ur an/ aqueous het er opol yaci d phase conpris- ing a soluti
aqueous heteropolyacid catalyst in tetrahydrofuran and having a specific
gravity of from5 1.8 to 2.3, wherein said continuous copol ynerization

reaction

is continued while naintaining daisd two-phase reaction

to thereby forma copolynmerization reaction mixture conprising a

reaction-formed or. phase con 10 taining a oxytetramnethyl ene
%%% %b % ¥1ﬁePﬁHtﬁnéF PharPgoddo

copol yner
5000 and

separating said reac |o

GFES OB dhgg¥etging. Ofart

haV|ng a

gl ycol concentration of fromO0.05 to 3.5 25‘h550£005 148
Z3Jung 2005

on of an

system

gl ycol

a rea%F| E&d tetrg drofuran/a%yeous het er opol ya- cid phase;

SFHEAnSPRRCESphEsE

8881Y9§}ﬁ|36a§g|aomprls-

tet t hyl I I f t t
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oxytetranethylene egcoI 25 June 2005 149 copol yner, obtai ned by
copol ymeri zing tetragydr@iH 38014 continuous copolymerization reaction

accordi ng
“HMase has

from1.9 to 2.3. 25 4. A nmethod for purifying an

10

is continued while maintaining said two-phase reaction
system, to thereby form a copolymerization reaction
mixture comprising a reaction-formed organic phase con-
taining a oxytetramethylene glycol copolymer having a
number average molecular weight of from 800 to 5000 and

a reaction-formed tetrahydrofuran/agqueous heteropolya-

15

20

25

cid phase;

separating said reaction-formed organic phase con-

taining said oxytetramethylene glycol copolymer from

said copolymerization reaction mixture; and

separating and purifying said oxytetramethylene

glycol copolymer from said reaction-formed organic

phase.

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.

4, A method for purifying an oxytetramethylene glycol



and a diol represented by the followng formula (1):_. R HQ-ECH2 C CH2- CH
(1~tr p R2 g wherein each of RL and R2 i ndependen38J¥ne2005 19 15 20
sents a hydrogen atom or a hydrocarbon group having from1l to 5 carbon
atons; and each of p, q and r independently represents an integer of from
Oto 6, with the proviso that the sumof p, gand r is not less than 2,
froma copol ynerization reaction m xture ddm®prising an oxytetranethyl ene

gl ycol copolynmer and the unreacted diol, which conprises subjecting said
reaction nixtur%:ﬁéicqgtin us. dng%JIationirlthe presence of fresh

t et r ahydr of ur an atr & % erper? °Sf P GPed Yl Tigdng tehdehy4rpfuLetre of

from5 to 760 T j.d.fresh tetrahydrofuran_being added iin an_anount
which is not | cng & diq & SRECFRP T by gL&nFBA&P&I&gai EPTRYARal héd in

said reaction m xture, to thereby distil off said unreacted diol fromsaid
reaction mxture together wwth said added tetrahydrofuran. 25 June 2005

150 R1

HO—{CH, (': {CHz} OH (1)
P r
Rz
q
wherein each of R' and R? independently repre-
5 sents a hydrogen atom or a hydrocarbon group

having from 1 to 5 carbon atoms; and each of P.
g and r independently represents an integer of
from 0 to 6, with the proviso that the sum of
P, 9 and r is not less than 2,

10 from a copolymerization reaction mixture comprising an
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
tetrahjdrofuran 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.




5 10 15 5. The nethod according to cl aim 4, mhereinééﬁgg¥é3%%ﬁ£tion m xture
further conprises a saturated hydrocar- bon having L on atons. 6.

The net hod according to claim5, wherein said saturated hydrocarbon is
distilled off fromsaid reac- tion mxture together with said unreacted
di ol and said added tetrahydrofuran. 7. The nmethod according to claimb5,
wherein said mnethod further conprises, bdfsére distilling off said
unreacted diol, distilling off said saturated hydrocar- bon fromsaid
reaction mxture by distillation at a tenperature of from70 to 160 C
under a pressure of from1l to 450 Torr. 8. The method according to any one

of claims 4 to 3 WQﬁ%eh@tﬁghdagbgkdlng % ggaXm glygﬁgreln 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.

10
7. The method according-to claim 5, wherein said
method further comprises, 5efore distilling off said
unreacted diol, distilling off said saturated hydrocar-
bon from said reaction mixture by distillation at a

15 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.
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