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THERVALLY STABLE POLYOXYMETHYLENE COPOLYMER Fl ELD OF {THE-I-NVENTI ON [Thi s
invention relates to a thermally stabl e pol yoxynet hyl ene copol yner.
Specifically, it relates to a polyoxyneﬁhylene copol yner “priepared by a
copol yneri zation of trioxane and 1, 3-di oxol ane, in whi ch t He 1,3-di oxol ane
has a 2-nmethyl -1, 3-di oxol ane content of not nore than 500 ppm (by weight,
hereinafter the sane) and a 1, 3-di oxol ane peroxide content, in terns of
hydr ogen peroxide, of not nore than 15 ppm and contains from 10 to 500 ppm
of at |east one hi THERMMIGIVe FOIABLEy AOLYAFSMENHRILEN G QROLBMER he
1, 3-di oxol ane. The present invention provides a pol yoxynet hyl ene copol yner
havi ng i nproved thermal stability. BACKGROUND OF THE | NVENTI ON A process

for producing a pol yoxynet hyl ene copol yner _conpr.i sing copol yneri zi ng

tri oxane and 1, 3-di oxol ane inglﬁ%gpﬁgséﬁéelgzgﬁglggast one pol yneri zati on
catal yst sel ected_fr.om.the group_cqnsisting of boron.trifluyaride, a boron
trifluoride hydra "gnc}né(e@%d‘lg&i ﬁ?ﬁ‘ﬁ%ﬁsc&ﬁplaef‘h@d‘?fﬁglﬁd s&f‘"‘l@r? organi c
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process does AL 18R RIpciYidC ittpalitl B S@idiynkrization of

trioxane and 1,3-dioxolane, in which the 1,3-dioxolane has a

E

2-methyl~1,3~dioxolane content of not more than 500 ppm (by
weight, hereinafter the same) and a 1,3-dioxolane peroxide
content, in terms of hydrogen peroxide, of not more than
15 ppm, and contains from 10 to 500 ppm of at least one
hindered phenol, each based on the weight of the
1,3-dioxolane. The present invention provides a
polyoxymethylene copolymer having improved thermal stability.
BACKGROUND QOF THE INVENTION

A process for producing a polyoxymethylene copolymer
comprising copolymerizing trioxane and 1,3-dioxolane in the
presence of at least one polymerization catalyst selected
from the group consisting of boron trifluoride, a boron
trifluoride hydrate and a coordination complex compound of an
organic compound containing an oxygen atom or a sulfur atom
with boron trifluoride is known in the art, but the
polyoxymethylene copolymer obtained by the process does not

provides for sufficient thermal stability.



2 In general, factors which cause reduction in thermal stability of a

pol yoxynet hyl ene copol yner incl ude oxidative deconposition of the

copol ymer. Oxidative deconposition of a,pol yoxynethyl ene copol yner occurs
during a polynerization reaction and dufing a post processing such as
separation of the unreacted nononers, washing, drying, etc. In an attenpt
to inhibit a reduction in polynerization yield, which has been a problem

i nvol ved in general processes for produci ng pol yoxynet hyl ene copol yners,
JP-B-3- 63965 (t he Ireg@ne)R1p" fasd@rferdiirhems arredsdtidarediy

patent publication") corresponding to EP-128739A and U. S, Patent 4,579, 935
di scl oses sd@ditliidy &t & MIgErem ng EIRMGMIS IS Brde Prifdative

pol ymeri zation to thereby inhibit not only main chain deconposition during
polyneriZQﬁQ9?Hﬁﬁl§ﬂ%ﬁ)%%d{hﬁiQR?%k%%ﬁbbsition during the post processing

of the polynerizatjaqn. Further, JP-A-7-286023 (the term."JP-A" used herein
means an "unexani méd W%ﬂﬁ%fQﬂﬂﬂﬁﬁﬁh?ﬁxﬂ rﬁ(gék¥9§¥ﬂﬁﬁﬂ§l%ﬂ%closes a

process [ QodAOtis) NG RINSIIALLY L2l diol JANTIPUIY S, SRRl vBE il ch

conprises ¢ Mer I"Zing trioxa ~Cyclicethe erein-a T ed
Cont ont ¢ Roroar Tismersrny g’ i St oF ST IERRRATE Dol Yrers
havi ng suffdnnitls | RAISHBInGS! Aildd, etc. 1In an attempt to inhibit a
reduction in polymerization yield, which has been a problem
involved in general processes for producing polyoxymethylene
copolymers, JP-B-3-63965 (the term "JP-B" used herein means
an "examined Japanese patent publication") corresponding to
EP-128739A1 and U.S. Patent 4,579,935 discloses addition of a
hindered phenol to monomers prior to the polymerization to
thereby inhibit not only main chain decomposition during
polymerization but also oxidative decomposition during the
post processing of the polymerization. Further,
JP~-A-7-286023 (the term “"JP-A" used herein means an
"unexamined published Japanese patent application) discloses
a process for producing a thermally stable polyoxymethylene
copolymer which comprises copolymerizing trioxane and a
cyclic ether, wherein a hindered phenol is added to the
cyclic ether to inhibit an increase in a peroxide content
thereof. However, these processes still fail to provide

polymers having sufficient thermal stability.



3 SUMWWARY OF THE | NVENTI ON An object of the present invention is to provide
a pol yoxynet hyl ene copol yner having i nproved thermal stability by
effectively inhibiting oxidative deconpgsition. Q her objects and effects
of the present invention will be apparent fromthe follow ng description.
The inventors of the invention conducted extensive study, paying attention
to the fact that the insufficient thernmal stability of a conventi onal

pol yoxynet hyl ene copol yner obtai ned by copol ynerizing trioxane and 1, 3-

di oxol ane is due to an oxida INVENAION result, they have

unexpectedly found that the oxidative deconposition of polyoxynethylene is
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The inventors of the invention conducted extensive

study, paying attention to the fact that the insufficient
thermal stability of a conventional polyoxymethylene
copolymer obtained by copolymerizing trioxane and 1,3-
dioxolane is due to an oxidative decomposition. As a result,
they have unexpectedly found that the oxidative decomposition
of polyoxymethylene is largely influenced by 2-methyl-1,3-
dioxolane present in a 1,3-dioxolane comonomer and a derived
peroxide originated from 1,3-dioxolane (hereinafter simply
referred to as a “"peroxide*) and thus achieved the present
invention.

That is, the above objects of the present invention
have been achieved by providing a polyoxymethylene copolymer
prepared by copolymerizing a mixture comprising trioxane and
1,3-dioxolane in the presence of at least one polymerization
catalyst selected from the group consisting of boron
trifluoride, a boron trifluoride hydrate and a coorxrdination
complex compound of an organic compound containing an oxygen
atom or a sulfur atom with boron trifluoride, wherein the

1,3-dioxolane has a 2-methyl-1l,3-dioxolane content of not



conpl ex conpound of an organi ¢ conmpound contai ni ng an oxygen atomor a

sul fur atomw th boron trifluoride, wherein the 1, 3-di oxol ane has a

2-met hyl -1, 3-di oxol ane content of not , 4 nmore than 500 ppm by wei ght and
a 1, 3-di oxol ane peroxide content, in terns of hydrogen peroxide, of not
nore than 15 ppm by wei ght, and contains at | east one hindered phenol in an
anmount of from 10 to 500 ppm by wei ght, each based on the wei ght of the

1, 3-di oxol ane. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention
i s descri hedréntiden a0 bppovby Teei ghreamny| a 11 33 eil bavbaarecpareriden t he

1, 3-di oxol ane for use in the present invention should be not nore than 500
ppm and prefiteab} yimotems eof hayd 80geppperotidae of npehyhotre3thanxol ane
content in the 1,3-dioxol ane exceeds 500 ppm the resulting
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into the in chain ace %& xi dative deconposition of the copolyner
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The present invention is described in detail below.

The Z;methyl~1,3—dioxolane content in the
1,3-dioxolane for use in the present invention should be not
more than 500 ppm, and preferably not more than 300 ppm. If
the 2-methyl-1l,3-dioxolane content in the 1,3-dioxclane
exceeds 500 ppm, the resulting polyoxymethylene copolymer has
poor thermal stability. This is because 2-methyl-l,3-
dioxolane is introduced into the main chain of the resulting
copolymer by the copolymerization reaction, and the methyl
group introduced into the main chain accelerates oxidative
decomposition of the copolymer, to thereby deteriorate
thermal stability. 1,3-Dioxolane having a 2-methyl-
1,3-dioxolane content of not more than 500 ppm can be
obtained by subjecting 1,3-dioxolane as synthesized to
precise distillation. Because of a small difference in
boiling point between 1,3~dioxolane and 2~-methyl-
1,3-dioxclane, a single distillation step of 1,3-dioxolane as
synthesized is insufficient to achieve the above specified
content of 2-methyl-1,3-dioxolane content. 1,3-Dioxolane

having a 2-methyl-1l,3-dioxolane content of not more than



obt ai ned by subjecting 1, 3-di oxol ane as synt hesi zed to precise
distillation. Because of a snmall difference in boiling point between

1, 3-di oxol ane and 2-nethyl - 1, 3-di oxol age, a single distillation step of

1, 3-di oxol ane as synthesized is insufficCient to achieve the above specified
content of 2-nethyl-1, 3-di oxol ane content. 1, 3-D oxol ane having a

2- et hyl - 1, 3-di oxol ane content of not nore than 500 ppm can be obt ai ned
by distilling 1, 3-di oxol ane as synthesized at | east twice. In addition to
the requi red@nppmhasnthe obheihgd -ba, Gidtbkdblianel cdndbnroshnal dsbe not nore
than 500 ppm and preferably not nore than 300 ppm the 1, 3-dioxol ane for
use in theSymieesioadiatrbgdst ceWi®®have a peroxi de content of not nore

than 15 pm preferably not nore than 5 ppm in terns of hydrogen feroxide
(the "peroxi de contRrRdfhtieR nkC cthayPByEFePRR bxFiiet FReherBERAYter sinply
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resul ti ng pol yoxynet ene copo poor t
not more than 15 pm, preferably not more than 5 ppm, in terms

of hydrogen peroxide (the "peroxide content in terms of
hydrogen peroxide" is hereinafter simply referred to as a
"peroxide content"). If the peroxide content exceeds 15 ppm,
the resulting polyoxymethylene copolymer has poor thermal
stability. If the peroxide content exceeds 15 ppm even with
the 2-methyl-1,3-dioxolane content being 500 ppm or lower, or
if the 2-methyl-1,3-dioxoclane content exceeds 500 ppm even
with the peroxide content being 15 ppm or lower, the
resulting polyoxymethylene copolymer has poor thermal
stability.

It is also required that the 1,3-dioxoclane for use in
the present invention contains from 10 to 500 ppm, preferably
from 50 to 300 ppm, of a hindered phenol. The hindered
phenol is added for preventing an increase of the peroxide
content. A purified 1,3-Dioxolane by distillation contains a
trace amount of a peroxide. The peroxide content increases
at an accelerated rate during storage to exceed 15 ppm.
Therefore, it is necessary to add a hindered phenol

immediately after the distillation purification, i.e., by the



stability. It is also required that the 1, 3-dioxolane for use in the
present invention contains from 10 to 500 ppm preferably from50 to 300
ppm of a hindered phenol. The hindered phenol is added for preventing an

i ncrease of the peroxide content. A puritied 1, 3-Di oxolane by distillation
contains a trace anobunt of a peroxide. The peroxide content increases at an
accelerated rate during storage to exceed 15 ppm Therefore, it is
necessary to add a hindered phenol imediately after the distillation

puri fi cat iokne jwhkere pyhe hperox 5de i penbet erescheer bXi ppngoptefierabhghes 15
ppm preferably 5 ’EP | f the anmount of the hindered fhenol that is added
to 1, ox dPRife | I*@S% MR Y e Hphe tivknderedapkendl t heapet oxadded ont ent
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polymerization yield. If the peroxide content exceeds 15 ppm

even with the 2-methyl-1,3-dioxolane content being 500 ppm or
lower, or if the 2-methyl~1l,3-dioxolane content exceeds

500 ppm even with the peroxide content being 15 ppm or lower,
the addition of 10 to 500 ppm of a hindered phenol results in
providing a polyoxymethylene copolymer having poor thermal
stability.

The hindered phenol for use in the present invention
includes compounds commonly used as antioxidants or as free
radical scavengers in the field of plastics. Specific
examples thereof include 2,2-methylenebis(4-methyl-
6-t-butylphenol), hexamethylene glycol bis(3,5~di-t-butyl-
4-hydroxyhydrocinnamate), tetrakis(methylene(3,5-di-t-butyl-
4-hydroxyhydrocinnamate) )methane, triethylene glycol
bis(3—(3*t~butyl~4—hydroxy~5~methylphenyl)propionate),
1,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-
4-hydroxybenzyl)benzene, 4,4-methylenebis(2,6-di~
t~butylphenol), octadecyl 3-(3,5-di-t-butyl-

4-hydroxyphenyl)propionate, distearyl 3,5-di-t~-butyl-



stability. The hindered phenol for use in the present invention includes
conpounds comonly used as antioxidants or as free radical scavengers in
the field of plastics. Specific exanples thereof include

2, 2-met hyl enebi s(4-net hyl - 6-t-butyl phenol ), hexanethyl ene gl ycol

bi s(3,5-di-t-butyl- 4-hydroxyhydroci nnanmate),

tetraki s(nmet hyl ene(3,5-di-t-butyl- 4-hydroxyhydroci nnamat e)) net hane,
triethylene glycol bis(3-(3-t-butyl-4-hydroxy-5-nethyl phenyl) propionate),
1, 3, 5- t ri dethydroxybehayliphcE mhatiatte muntd/ | 2~ U-batdrlodoiehztyt Hisaenizene,

4, 4- met hyl enebi s(2, 6-di - t-butyl phenol), octadecyl 3-(3,5-di-t-butyl-
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trioxane i} i ﬂ@”ﬁﬂééﬂédé;(lrganox 1010, produced by Ciba-Geigy,

Ltd.) is particularly preferred.

As described above, the 1,3-dioxolane for use in the
copolymerization with trioxane in the invention is
1,3~dioxolane containing 10 to 500 ppm, preferably 50 to
300 ppm, of a hindered phenol, having a peroxide content of
not more than 15 ppm, preferably not more than 5 ppm (in
terms of hydrogen peroxide), and having a 2-methyl-1,3-
dioxolane content of not more than 500 ppm, preferably not
more than 300 ppm. The 1,3~dioxolane monomer is generally
used in an amount of 10 mol% or less based on the molar
amount of trioxane that is used as a main monomer.

The polymerization catalyst for use in the present
invention is at least one compound selected from the group
consisting of boron trifluoride, a boron trifluoride hydrate,
and a coordination complex compound of an organic compound
containing an oxygen atom or a sulfur atom with boron
triflucride. The catalyst can be used in a gaseous state or
as a solution in an appropriate organic solvent. A
particularly preferred polymerization catalyst is a

coordination complex compound of boron trifluoride, such as



1, 3-di oxo

| ane containing 10 to 500 ppm preferably 50 to 300 ppm of a

hi nder ed phenol, having a peroxide content of not nore than 15 ppm

preferably not nore than 5 ppm (in tern§ of hydrogen peroxide), and having
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| -1, 3- di oxol ane content of n nore than 500 ppm preferably

not

300 ppm The 1, 3-di oxol ane nononer is generally used in an anount
of 10 mol % or | ess based on the nolar amount of trioxane that is used as a

mer. The pol ynerization catalyst for use in the present invent
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than 3 x 10°® mol per mol of the total monomers, the
polymerization reaction rate becomes considerably low,
causing such problems that a larger scale of the
polymerization apparatus is necessitated, which is unsuitable
to practical use. If the catalyst amount is more than 10 x
10° mol per mol of the total monomers, side reactions take
place, making it difficult to produce a high~molecular weight
polyvoxymethylene copolymer. Moreover, in the treatment for
removal of instable terminals described below, the
polyoxymethylene copolymer produced tends to decompose by the
action of an un-deactivated catalyst to reduce its molecular
weight and also to produce new instable terminals. This
results in a reduction of thermal stability.

The copolymerization reaction of the invention is
carried out by, for example, bulk polymerization. The bulk
polymerization can be effected in either a batch system or a
continuous system. The bulk polymerization is usually
performed in such a manner that monomers in a molten state
are used and a solid massive polymer is obtained with the

progress of the polymerization. Polymerization apparatus for

i on

as a

used

r]



the total nononers. If the anmobunt of the catalyst is |less than 3 x
10[err][err] nmol per nol of the total nononers, the polynerization reaction
rate becones considerably | ow, causing guch problens that a | arger scal e of
t he pol ynerization apparatus is necessifated, which is unsuitable to
practical use. If the catalyst amount is nore than 10 x 10-5 nol per nol of
the total nononers, side reactions take place, nmaking it difficult to
produce a hi gh-nol ecul ar wei ght pol yoxynet hyl ene copol yner. Moreover, in
the treat sy frorthemusderof imsadrahion totadude s fles dva hetdebed ow, t he

pol yoxynet hyl ene copol yner produced tends to deconpose by the action of an
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new i nstable termnals. This results in a reduction of thernmal stability.
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exanmpl e, bul k pol yneri zation. The bul k pol yneri zation can be effected in
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combination.

The copolymerization is carried out under atmospheric
pressure, preferably at a temperature of from 60 to 200°C,
still preferably from 60 to 120°C. The polymerization time
is not particularly limited, but it is usually from 10
seconds to 100 minutes.

The bulky or powdery polyoxymethylene copolymer
ejected from the polymerization apparatus is usually heated
at a temperature below the melting point together with a
catalyst deactivator to thereby deactivate the catalyst and
vaporize unreacted monomers, or poured into an agueous
solution or an organic solvent each containing a catalyst
deactivator to neutralize the catalyst, followed by
filtration and drying at a temperature below the melting
point. Alternatively, the ejected polymer is heated at a
temperature below the melting point in an inert gas
atmosphere to thereby reduce the catalyst by evaporation
without deactivating the catalyst, and the thus treated
polymer is then subjected to terminal stabilization treatment

described below. The above-described treatments are



pol ynmeri zation, a commonly enpl oyed reaction tank equi pped with a stirrer
and, for continuous polynerization, a co- kneader and a sel f-cl eaning type
mxer, e.g., a tw n-screw continuous extquder and a tw n-paddl e continuous

m xer. Two or nore different types of apparatuses can be used in
conbi nati on. The copol ynerization is carried out under atnospheric
pressure, preferably at a tenperature of from60 to 200[err]C, stil

preferably from60 to 120[err]C. The polynerization tinme is not
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The thus recovered polyoxymethylene copolymer is then

unr eact ed’

subjected to terminal stabilization treatment because a
polyoxymethylene copolymer has instable terminals having a
structure of ~(OCH,;)-0OH which are susceptible to so-called
zipper decomposition upon heating, and also because some
parts of the catalyst remain non-deactivated. The terminal
stabilization treatment can be carried out in a conventional
manner. For example, the copolymer is melted in a vented
single- or twin-screw extruder to thereby hydrolyze the
instable terminals with a basic substance into stable
terminals and also to deactivate the catalyst still remaining
active. Subsequently, the unreacted monomers which are
contained in a polyoxymethylene copolymer before the terminal
stabilization treatment, formaldehyde which results from the
melt-hydrolysis of the instable terminals, etc. are removed
through the vent under reduced pressure. Thereafter, the
copolymer is pelletized to obtain a polyoxymethylene
copolymer as a final product. Stabilizers against

decomposition with heat, light, oxidation, etc. and other



10 preferably conducted after once grinding the pol yoxynethyl ene copol yner
that is ejected fromthe polynerization apparatus. Useful catalyst
deactivators for use in the present invention include basic substances,
such as ammonia, anmnes (e.g., triethylamne and tributyl am ne) and
hydr oxi des, inorganic weak acid salts or organic acid salts of an al kal
nmetal or an alkaline earth netal. The thus recovered pol yoxynet hyl ene
copolyner is then subjected to term nal stabilization treatnent because a
pol yoxyne@lddidiaesopalyy e addled st dlee copadiviglse h&hah@ddistiretqif &he
-(OCH2) - OH which are susceptible to so-call ed_zipper deconpositiqn upon
heating, &t@Pdildgamscanse dowE gadidiyes mevc dealcpdirivd gyt at the
non-deacti vated., The .term. nal stabil.ization treatnent can be carried out in
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si ngl e- orgng n-s%reM/extruder to thereby hydrolyze the instable termnals
with a badiF€3HM5& ance into stable ternminals and al so to deactivate the
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mel t-hydrolysis of the instable termnals, etc. are renpbved through the

vent undelgired UG e tARe SBHRredl RS @22l thh@atment in an extruder.
When the decomposition of the polyoxymethylene copolymer by
the action of the catalyst or by oxidation is considerable,
the copolymer decomposes in an extruder and produces new
instable terminals.. Therefore, in order to obtain a stable
polyoxymethylene copolymer as a final product, the
polyoxymethylene copolymer that is subjected to the above-
described terminal stabilization treatment is required to
have high thermal stability (i.e., required to have a reduced
instable terminal content and to be less susceptible to
decomposition'by the catalyst or oxidative decomposition).
This has been achieved by the present invention.

The basic substance for use in the terminal
stabilization treatment include ammonia and aliphatic amine
compounds such as triethylamine and tributylamine. Other
useful basic substances include hydroxides, inorganic weak
acid salts and organic acid salts ¢f an alkali metal or an

alkaline earth metal. Ammonia and amine compounds such as

triethylamine and tributylamine are particularly preferred.



copolyner is pelletized to obtain a pol yoxynethyl ene copol yner as a final
product. Stabilizers against deconposition with heat, |ight, oxidation,
etc. and ot her 1 additives may be added to the copolynmer. The addition
of the stabilizers and other additives may be carried out at the sane tine
wi th above-described term nal stabilization treatnent. Wen the

pol yoxynet hyl ene has a | arge anount of instable termnals, the instable
term nals cannot be sufficiently renoved by a usual treatnent in an
extruder. Wen thé&hdedwmicsisubmtagfce Hempolsexdmetiy | tegmanigepbl yner by t he
action of the catalyst or by oxidation is considerable, the copolyner
deconpose$ apid zad ran drr epfangyto dive cxenrya 1 g tagded tia mmamcumher®f ore,
in order to obtain a stable polyoxynethyl ene copol yner as_a final product,
the pol yo&fiast A EheopbIBereiightt hasadigrecthr woldiMe Sbdk® descri bed

termnal stabilization treatnent is required to have hjgh thernmal stability
(i e reRA VAR e RHUCRTHSIRHIE (SATR 1 LOMTEA™ #AAD be | ess

Thi s has. SCHFAT eugd By The TrEberts | Thh ? o SHET wiaf SR S Tor
use in th%f“ﬂé?ﬂgﬂa hydroxide, inorganic weak acid salt or organic

acid salt of an alkali metal or an alkaline earth metal.

Water and/or an organic solvent can be added together with

the basic substance.

In order to ensure the stability of the
polyoxymethylene copolymer through the terminal stabilization
treatment, it is preferable for the polyoxymethylene
copolymer to be stabilized to have an instable terminal
content of not more than 3000 ppm. Because the instable
terminals are produced during polymerization by trace
impurities having an active hydrogen (hydrogen of OHS such as
water, methyl alcohol and formic acid, which is present in
the raw material such as trioxane and 1,3-dioxolane, it is
necessary for reducing the instable terminal content that the
concentrations of the trace impurities having an active
hydrogen such as water, methyl alcohol and formic acid, in
the raw materials such as trioxane and 1,3-dioxolane be
reduced as much as possible by distillation, adsorption and
the like. In order to reduce the instable terminal content
to 3000 ppm or lower, the total concentration of the trace

impurities having an active hydrogen should be reduced to



stabilization treatnent include amonia and aliphatic am ne conpounds such
as triethylamne and tributylam ne. O her useful basic substances include
hydr oxi des, inorganic weak acid salts gngd organic acid salts of an alkal
metal or an alkaline earth netal. Ammonia and am ne conpounds such as
triethylamne and tributylamne are particularly preferred. 12 The basic
substance for use in the termnal stabilization treatnent is generally
added in an armount of from0.01 to 5% by wei ght based on the wei ght of the
pol yoxynetdy | ppre eopbtsgseras rcarmectad od asvateancendert cabponndbasedin an
amount of from2 to 5000 ppmin the case of using a hydroxide, inorganic
weak aci d @althertetgyhmeowt PEdtiofang andal i Srie¥obanan al kal i ne earth

nmetal . Water and/or an organic solvent can, be added together with the basic
subst ance CA IR R tTP ehHAELT HRPTABF T3 11D ICAH LD IS YL hyl ene

| t ] I he t i nal stabil.izati t t t,, It i bl
For "t ho- pOtYLSGHBEIRE Ee AUDATY b A EE SORTE IO T Mol 20 T A o
t i nal ! g 300 B the J bl e t j nal
ar e proudl ot ik DaryRe Tt i Y R TR Ple USRS b 0™

hydrogen (fyarQgens oleddd §ﬂ5&‘§§h, the terminal stabilization

treatment must be conducted twice or more times for

accomplishing terminal stabilization completely, which

unfavorably necessitates using large-scaled equipment.
EXAMPLES

The present invention will be described in detail
with reference to the following Examples and comparative
Examples, but it should be understood that the invention is
not to be construed as being limited thereto.

In Examples and Comparative Examples various
characteristics were determined as follows.

(1) 2-Methyl-1l,3~-dioxolane Content and Methyl Alcohol
Content:

These contents were measured using a gas
chromatograph equipped with a glass column packed with
Gaschro Pack 55 (G.L. Science K.K.) and detected with a
hydrogen flame ion detector.

{2) Peroxide Content in 1,3-Dioxolane (as converted to
hydrogen peroxide content):

In a flask were put 40 ml of isopropyl alcohol, 10 ml

of a saturated solution of sodium iodide in isopropyl



wat er, nethyl alcohol and formc acid, which is present in the raw materi al
such as trioxane and 1, 3-di oxolane, it is necessary for reducing the

i nstabl e term nal content that the concFEtrations of the trace inpurities
havi ng an active hydrogen such as water, methyl alcohol and formc acid, in
the raw materials such as trioxane and 1, 3-di oxol ane be reduced as nmuch as
possi bl e by distillation, adsorption and the like. In order to reduce the

i nstabl e term nal content to 3000 ppmor |ower, the total concentration of
the trace dlqeidlj ed hhvoHgreet actawid hyod openg sboul fd3beiorduend, tand 13
20 ppmor less, as converted to a water concentration, based on the total
amount of he gxireunmdvas 3celf breotdinet BVEr Ebonabouts Hamenutescentration
can be made by multiplying the nethyl alcohol concentration by 0.28 and the
formic aciesherit b at FRerenf teno. the niwtireteds etieratedl wibht @nd1¥xceeds

3000 ppm the termpal stabilization treatnment nust be conducted tw ce or
nore ti mesd m%lcf?blr&ﬁ‘i‘% Ty Wk idhe steblov iz onre obpl el §laski ch

unfavorabl,y necessitates usj | arge-scal ed equi prent. EXAMPLES The present
i nventi on cfa]m':"oecod]te%%{lifEbsedJ ;ﬂﬁe d%]t’gﬁlf WiS hE3k8Rr &k Bb) t heP$ oPlamk ng

Exanpl es qg%ﬁ%%ﬂgﬂfuﬂﬁgasame procedure was followed but by using no

1,3-dioxolane (the titer was taken as B ml). The peroxide
amount, in terms of hydrogen peroxide, in the 1,3-dioxolane
was obtained from the following equation.

Peroxide content (in terms of hydrogen peroxide; ppm)

= ({(A~-B) x 17 x 0.01)/(25 x 1000) x 10°
{3) Polymerization Yield:

After polymerization, the resulting polyoxymethylene
copolymer was dried and weighed, and the weight percentage of
it to the weight of the total charged monomers was obtained.
(4) Melt Index (MI; g/10 min):

Melt index was measured with MELT INDEXER
manufactured by Toyo Seiki K.K. under conditions of 190°C and
2169 g according to ASTM D1238.

(5) Instable Terminal Content:

A polyoxymethylene copolymer was treated at 200°C for
50 minutes in a nitrogen stream, under which conditions
decomposition of only the instable terminals of the copolymer
is induced. Formaldehyde generated in the above treatment
was absorbed in water and titrated. The smaller the titre,

the higher the thermal stability of the copolymer.



Exampl es, but it should be understood that the invention is not to be
construed as being [imted thereto. I n Exanpl es and Conparative Exanpl es
various characteristics were determ nedggs follows. (1)

2- Met hyl - 1, 3-di oxol ane Content and Met hyl Al cohol Content: These contents
were nmeasured using a gas chromat ograph equi pped with a glass col um packed
with Gaschro Pack 55 (G L. Science K K') and detected with a hydrogen fl ane
ion detector. (2) Peroxide Content in 1, 3-Di oxolane (as converted to

hydr ogen pied poX¥ides cloont it )Weighta Bdes komdiea ping 40t n2397Ci Sophbpyl al cohol ,
10 M of a saturated solution of sodiumiodide in isopropyl 14 al cohol,
2 ml of acetic acifd Hfrmopaagice maniiaoiwed Rin ik &?r@ﬂe Kvels- red$ uxed
at 100[err]C for about 5 mnutes. ImMmediately thereafter, the m xture was
titrated WIS 0. FLNPSHR TR HIORNT LWPURTST tFRORER | G- AR AR U r 20 | I t RS

flask b ol orl the tit t ak A o~As_blank titpration
Lhe: sane. BP0 Ut (oo d O Bt b ARGy GRT Y TP A0S Rl BER BF Het (i 1 or

was take”.fo%(f/rﬁr} whi'fe PRIQN AP SN & 485 R Y RICLRELOXLGE, 11
t he 1, 3-di‘oxol'ane

reached 230°C, the time (min) reqguired for the sample to lose
its weight by 5% was measured. The longer the weight loss
time, the higher the thermal stability of the copolymer.

Unless otherwise indicated, all parts, percents and
ppm are given by weight.

EXAMPLE 1

1,3-Dioxolane having a 2-methyl-1,3-dioxolane content
of 50 ppm (as measured by gas chromatography) and a peroxide
content (in terms of hydrogen peroxide, hereinafter the same)
of 1.2 ppm and containing 200 ppm, based on the
1,3~dioxolane, of tetrakis{methylene(3,5-di-t-butyl-
4-hydroxyhydrocinnamate) )methane (Irganox 1010, produced by
Ciba~Geigy, Ltd.) added thereto as a hindered phenol was
used. The mixture of trioxane and the 1,3-~dioxolane had a
water concentration of 5 ppm (as measured according to a Karl
Fischer’s method), a formic acid concentration of 1 ppm (as
measured by neutralization titration with potassium
hydroxide) and a methyl alcochol concentration of ld ppm {(as
measured by gas chromatography), giving a total concentration
of 8 ppm in terms of water concentration. The above

described materials were copolymerized as follows.



was obtained fromthe foll owi ng equation. Peroxide content (in terns of
hydr ogen peroxide; ppm) = ((A-B) x 17 x 0.01)/(25 x 1000) x 10[err] (3)

Pol yneri zation Yield: After polynerizaiféwu the resulting pol yoxynet hyl ene
copol ymer was dried and wei ghed, and the  wei ght percentage of it to the
wei ght of the total charged nonomers was obtained. (4) Melt Index (M; g/10
mn): Melt index was neasured with MELT | NDEXER nmanuf actured by Toyo Sei ki
K. K. under conditions of 1900C and 2169 g according to ASTM D1238. (5)

| nst abl e Ter mi nal ot eritneadgolamxipmedywirie topc yimrinpslades andta
200[err]C for 50 mnutes in a nitrogen stream under which conditions
deconposi tjarket omrgugheviich ablkeaerirans Senfnedibun penldebei s i nduced.
For mal dehyde generated in the above treatnent was absorbed in water and
titrated. gkecehatedrvamhecenditioner 3% ghRiCimedencd HaPsRRAHIFity of the
copol yner. 15 (6) Time for 5% Wei ght Loss on ating at.230[err]Cin
Air: A thRTRBPEENCce PANHRAJIRIPEDYVE §ak fﬁ"ﬁ‘f}(iyﬁ.‘ko %r’cj%’é‘i‘i’J.;EA]

polYOKy e 1Y) B FOPBLLAR oS o eLa0L 0050 JF 13- 801D, SRS &
10" mol, per mole of trioxane, of methylal as a molecular
weight regulator, followed by mixing. To the mixture was
added a 1% cyclohexane solution of boron trifluoride butyl
etherate in an amount of 1.5 x 107 mol per mole of the total
monomers to start polymerization. After conducting
polymerization reaction for 30 minutes, 2 ¢ of a 0.1% aqueous
solution of tributylamine was added to the kneader to
deactivate the catalyst to thereby terminate the reaction.
After stirring the reaction mixture at 80°C for an additional
1 hour, the reaction mixture was withdrawn and filtered to
collect a polyoxymethylene copolymer. The product was dried
at 120°C. The polymerization yield was 87%.

The resulting polyoxymethylene copolymer was fed to a
twin-screw extruder equipped with a vent having a diameter of
30 mm together with 0.3 part of 2,2’'-methylenebis(4-methyl-
6-t-butylphenol) as an antioxidant per 100 parts of the
copolymer to carrying out terminal stabilization at a
revolution speed of 100 rpm and a temperature of 200°C. As a
basic substance for terminal stabilization, an aqueous
triethylamine solution was continuously added, to the

copolymer molten in front of the terminal stabilization zone



20[err]C mn while feeding 5 NI/ hr of air. After the tenperature reached
230[err]C, the tinme (mn) required for the sanple to lose its weight by 5%
was measured. The longer the weight losg-tine, the higher the thernal
stability of the copolyner. Unless otherw se indicated, all parts, percents
and ppm are given by weight. EXAMPLE 1 1, 3-Di oxol ane having a

2- et hyl - 1, 3-di oxol ane content of 50 ppm (as neasured by gas
chromat ogr aphy) and a peroxide content (in ternms of hydrogen peroxide,

her ei naf t epft tbes exdrudfer],. Zmppm andurdntcdl @ ERAG0 (Pppattased on t he

1, 3-di oxol ane, of tetrakis(nethylene( 3,5-di-t-butyl-

4- hydr oxyh{#iechyraming) imetZhdeatE ofameterdl ®epricduaed sy af BdheGei gy,
Ltd.) added thereto as a hindered phenol was used. The m xture of trioxane

and the 1, SP8PSXBREne ARG FhW&t &eraddmedmetatidd 25 PYARYaRe thydaned
(as. moasur QPR YREG: AR ARORETE CPREHOR i YO a e ISR i a
i ving & {OEAF BEnEOR FArTORar SR P U it 6 S A A R g
above descpicbad mRLer i(%.ltS tHef %eﬁcﬁﬁql y%rei %:%%OQWeQJ lv%\@ 'extruJQQad into
strands through a die portion of the extruder and pelletized.
The MI, instable terminal content and 5% weight loss
time (230°C, air) of the thus obtained polyoxymethylene

copolymer are shown in Table 1 below.

EXAMPLES 2 TO 7

The same procedures as in Example 1 were followed,
except that the 1,3-dioxolane used in Example 1 was changed
with one hav;ng a 2-methyl-1l,3-dioxolane content, a peroxide
content and a hindered phenol content as shown in Table 1.
The results obtained are shown in Table 1.

EXAMPLES 8 TO 9

The same procedures as in Example 1 were followed,
except that the amount of the catalyst was changed as shown
in Table 1. The results obtained are shown in Table 1.

EXAMPLE 10

A polymerization reaction was started and continued
for 30 minutes in the same manner as in Example 1.
Subsequently, a heat transfer medium of 140°C was circulated
through the jacket of the kneader to dry the polyoxymethylene

copolymer in the kneader in a nitrogen stream for 60 minutes,



A 5 [err] kneader equipped with two stirring blades and a jacket through
whi ch a heat transfer nediumcould be circul ated was conditioned at

80[ err] C under atnospheric pressure. Indhe kneader were charged 2 kg of
trioxane, 4.2 nol % based on nol of trioxane, of 1,3-dioxolane, and 1 Xx
10-[err] nol, per nole of trioxane, of nmethylal as a nol ecul ar wei ght

regul ator, followed by mxing. To the m xture was added a 1% cycl ohexane
solution of boron trifluoride butyl etherate in an amount of 1.5 x 10-[err]
mol per nofel Wwedeby otakimpnbrersttof sthet kpehgar:i zEheorolmmegization
conducting polynerization reaction for 30 mnutes, 2 e of a 0.1% aqueous
sol ution le?¥gUﬁ§§l%ﬁ$ne The BlwedobbainedFRRALITES WRACPPEAréTEREed
catal yst to thereb g termnate the reaction. After stirr t he reaction

ni xt ur e all%oﬁg?cﬁ BS TRRAFF ARl 11 RGARPIehE- r e} FlEﬁSHﬁﬁguPEtﬁéﬁeﬂnPﬁ&ramn
and f||ter to col% a}polyoxynethylene copol ynmer. The product was dried
at 120[errﬁ %?hﬁ zation yield was 87% The resulting

polyoxynethylene copolyner was fed éggggﬁﬁég-screM/extruder equi pped with a
vent having a dianeter of 30 mmtog 0.3 part of

2,2 - met hyl enebi s(fsdregdid -pifsdediitdd PLEN ) p2onale 20 40%L 4204 1 BREa 100

parts of the copolyner to carrying out term na tabil1zation

revol uti onesnaed ©ladOnd PR EOE SoteaREratiss of QQQ[ﬁmLQreAéfa baSI C
substance for term nal stabilization, an aqueous triethylam ne solution was

conti nuoustyistiesl, and 1 Ne-CORObVARE WRst ENahgedr 0ot 10f pbie hefdinat
stabilization zone _
acid concentration to 2 ppm, and a methyl alcohol
concentration to 20 ppm, giving a total concentration of
18 ppm in terms of water concentration. The results obtained
are shown in Table 1.
COMPARATIVE EXAMPLES 1 TO 6
The same procedures as in Example 1 were followed,
except that the 1,3-dioxolane used in Example 1 was changed
with ones having a 2-methyl-1,3~dioxclane content, a peroxide

content and a hindered phenol content as shown in Table 2,

respectively. The results obtained are shown in Table 2.



17 of the extruder, in an anmount of 3 parts (1 part of triethylamne in 2
parts of water) per 100 parts of the copolyner. The thus

term nal -stabilized pol yoxynethyl ene copghynmer was degassed through the
vent hol e provided i« rear of the termnal stabilization zone at a
degree of vacuum of 3@ TForr (at the vent). The copol yrrer was extruded into
strands through a dlé”bo &ion of, the extruder and zed. . The M,

i nstabl e term nal cd’ht_i._"em ‘= and 5% wei ght loss<t i re (§30 erlcr]Cxoalm) of the
t hus obt ai ned pol yo@@bh'yl ene copol yner are shown in Table 1 bel ow
EXAMPLES 2 TO 7 The: procedures as in Exanple 1 were foll owed, except
that the 1, 3-di oxol ané Used in Exanple 1 was changed with one havi ng a
2-met hyl - 1, 3- di oxol ane content, a peroxide content and a hi ndered phenol
content as shown ing%bL 1. The results obtained are shown in Table 1.
EXAMPLES 8 TO 9 The.s Procedyres, ag, i noExgrrplcg Iowege followed, except
that the amount of th& & aI ystovvas: chan showp ig Tabl e:l oThe

resul ts obtained aréel gh§ in Tabl & 1. E%IVPE’E fpo?‘ymarl Zati®n reaction
was started and cont
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for 30 mnutes in the same manner as in Exanple 1. Subsequently, a heat
transfer nmedium of 1400C was circul ated through the jacket of the kneader
to dry the pol yoxymethyl ene copol yner inddqie kneader in a nitrogen stream

for 60 m nutes, 18 foll omg}d:::b;y taking 1t out of the kneader. The
pol yneri zation yield was 86% $I*;§ t hus obt ai ned copol yner was post-treated
in the sane manner as in Exagpfe |E The Lesults obtained are shown in Table
1. EXAMPLE 11 The sane proce%ﬁgx'gs in d&xafpl & 1 akera f& | oned, except
that the water concentration@®Pdihe m xture of trioxane and 1, 3-di oxol ane
was changed to 12 ppm a form@qdcid concentration to 2 ppm and a nethyl
al cohol concentration to 20 p%‘r-'gi ving a total concentration of 18 ppmin
terns of water concentration. The results obtained are shown in Table 1.
COMPARATI VE EXAMPLES 1 TO 6 ®he s+gane procedures as in Exanple 1 were
fol l owed, except that the 1,3 8igxol ane sisegd i & Exanpbe & was changed with
ones having a 2-nethyl -1, 3-di3dgdlane corfent, & p&oxEdeScontent and a
hi ndered phenol content as sHo £h Table 2v respectiwel . The results
obt ai ned are shown in Table 2.&
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19 [err] [err] O [err] [err] 20 21 As is apparent fromthe results
shown in Table 1, polyoxynethylene copolymers having high thernmal stability
are provided according to the present ipyvention. Wiile the invention has
been described in detail and with refer®hce to specific exanples thereof,

it would be apparent to one skilled in the art that various changes and
nodi fi cati ons can be nade therein w thout departing fromthe spirit and
scope thereof. As is apparent from the results shown in Table 1,

polyoxymethylene copolymers having high thermal stability are
provided according to the present invention.

While the invention has been described in detail and
with reference to specific examples thereof, it would be
apparent to one skilled in the art that various chaﬁges and
modifications can be made therein without departing from the

spirit and scope thereof.



22 WHAT IS CLAIMED I S: 1. A pol yoxynet hyl ene copol yner prepared by

copol ynerizing a mxture conprising trioxane and 1, 3-di oxol ane in the
presence of at |east one polynerizatiog catal yst selected fromthe group
consi sting of boron trifluoride, a bor g trifluoride hydrate and a

coordi nati on conpl ex conpound of an organi c conpound containing an oxygen
atomor a sulfur atomw th boron trifluoride, wherein said 1, 3-di oxol ane
has a 2- meityt -19l,&xtivaml Bhe content of not nore than 500 ppm by wei ght
and a 1, 3-di oxol ane peroxide content of not nmore than 15 ppm by wei ght in

terns of hydrogen lper oxime yanoheddntlams ipdloastr greegamatéried phenol in an
anmopunt of from 10 to 500 ppm by wei ght, each based on the weight of said

1, 3- di oxolcarelynertirl | & x4 RuTE | PPy nerieeare 3@ to claim 1,
wherein said 2-nethyl -1, 3-di oxol ane content is_not nore than 300 ppm by
wei ght . 3.1 Rreisbiq hyHeh PTBPRISAE L Reokf Ty 27° @%}mq{:im&@mn _
a1 0 A e 4 L SXRe. a0 Lo dh D60l ane [ULDSL, sorpp espater, o o
not. Tor e AT AGARE | N UEL, O MALEL SONGEAAL Oha % dBSraination
complex compound of an organic compound contailning an oxygen
atom or a sulfur atom with boron trifluoride,
wherein said l,3—dioquane has a 2-methyl-
1,3-dioxolane content of not more than 500 ppm by weight and
a 1,3-dioxolane peroxide content of not more than 15 ppm by
weight in terms of hydrogen percxide, and contains at least
one hindered phenol in an amount of from 10 to 500 ppm by
weight, each based on the weight of said 1,3-dioxolane.
2. The polyoxymethylene copolymer according to claim
1, wherein said 2-methyl-1l,3-dioxolane content is not more
than 300 ppm by weight.
3. The polyoxymethylene copolymer according to claim
1, wherein said mixture of trioxane and 1,3-dioxclane further
comprises water, formic acid and methyl alcohol in a total
concentration thereof in the mixture of not more than 20 ppm
in terms of water concentration.
4. The polyoxymethylene copolymer according to claim
1, wherein said polymerization catalyst is used in a

concentration of from 5 x 10% to 2 x 10°° mol per mole of

said mixture of trioxane and 1,3-dioxolane.

A



1, wherein said polynerization catalyst is used in a concentration of from
5 x 10[err] to 2 x 10-[err] nol per nole of said mxture of trioxane and
1, 3- di oxol ane.

ABSTRACT

THERMALLY STABLE POLYOXYMETHYLENE COPOLYMER

A polyoxymethylene copolymer prepared by
copolymerizing a mixture comprising trioxane and
1,3~dioxclane in the presence of at least one polymerization
catalyst selected from the group consisting of boron
trifluoride, a boron trifluoride hydrate and a coordination
complex compound of an organic compound containing an oxygen
atom or a sulfur atom with boron trifluoride, wherein the
1,3-dioxolane has a 2~methyl-;,3—dioxolane content of not
more than 500 ppm by weight and a 1,3-dioxolane peroxide
content of not more than 15 ppm by weight in terms of
hydrogen peroxide, and contains at least one hindered phenol
in an amount of from 10 to 500 ppm by weight, each based on

the weight of the 1,3-dioxolane.



