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DESCRIPTION = | iig cueeT HAS BEEN
| EPLACED

PROCESS FOR PRODUCING STABILIZED

OXYMETHYLENE COPOLYMER
BACKGROUND OF THE INVENTION

Field of the Invention:
The present invention relates to an
economical process for producing an'oxymethY1ene

copolymer having an excellent thermal stability.

Description of the Related Art:
| Since a polyoxymethyléne copolymer (which may
;hereinaffer be aﬁb:eviated as "POM copolymer”) has
exéellent'mechanical properties, heat resistance,
chemical resistance, electrical properties and
sliding properties and at the same time has
excellént moldability or formability, it is used as
én engineering plastic for a wide variety of
applications such as machine parts, automobile parts
or electrical-electronic parts. |

.It is known that a stabilized POM copolymer

provided for practical use is generally produced in
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accordance with a process as described below.

First, a crude POM copoiymer is obtained by
using, as a principal monomer, a cyclic acetal‘such
.as trioxane and, as a comonbmer, a cyclic acetal or
cyclic ether having én adjacent carbon atom; adding
theretp, depending upon the purpose, a chain
transfer ageht_for the regulation of the
polymerization degree; and then cépolymerizing the
resulting mixture in the éresence of a cationic
active catalyst. In general, such a crude POM
copblymer contains a large amount of unstable.
' terminals. When heat is applied to the copOlfmer
with the polymgrization catalyst contained therein
being still active, depolymerization of the
copolymer or an increase in unstable'terminals
occurs. |

Accordingly, the crude POM copolymer, which
is a polymerization product, is provided for a
‘decomposition and removal step of the unstablé
- terminals after the catalyst cﬁntained'in the
copolymer islneutralized or deactivafed with an
.organic'or.inorganic basic compéund such as
alkylamine, alkoxyamine or hindered amine, or a

hydroxide of an alkali metal or alkaline earth
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metal. Then, the copolymer so freated-is.heatéd in
thg pfesence of a basic compound, for example, the
above-exemplified compound, and water or an alcohol
which is used in combination with the basic compouhd
as needed, whereby unstable terminals are removed by
decomposition.

To the POM copolymer from which unstabie
terminals have been :emo%ed by decomposition,
various additivgs are then added to impart the
copolymer with thermal-stability,'loqg-term
stability and the like besides, various additives
or reinforcing agents are.addédwas'needed to impart
the copolymer with desired properfies, followéd by
melt kneading, wherebf a stabilized POM copolymer
suitable for pracfical use ié prepared.

. Various investigations have been carried out
to prepare a stabilizéd POM copolymer mofe
economically. Examples of the known'measures for
the eConoﬁical production includé improvement of a
polymerizer, poiymerization catalyst or the like in
a polymerization step, an imp:ovement in a
deacfivdtor, deéctivating method or the like in a
catalyst deéctivatioﬁ'step-and an improvemeﬁt in é

decomposition accelerator, a decomposition and
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removal apparatus or the like in a ‘decomposition and
removal step of unstable terminals.

Any one of the above measures is only for a
specific step so that improvements brought by it
have limitations. Theré is accordingly a demand for
the pfovision of a more economical process for the .
production of a POM copolymer in consideration of.
the whole step from polymerization until
stabilization of a POM copolymer._ Particularly,
_émong the above-described stops, the step for
decomposition and romoval of unsfable terminals
requires a cumbersome operation and neeéds muoh
energy for the treatment. If a POM copolymer can be
provided to the final stabilization step
substantiolly without the decomposition and removal
step., economically advantageous production can be
‘carried out. For this purpose, it is necessary to
prepare a higthuality crude POM copolymer in the
polymerizétion step and/or catalyst deactivation
"step. -

The appiicants of the present invention
previously proposed a process for stabilizing the
fOM copolymer, which comprises.adding, prior to the

polYmerization in the polymerization step., a
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sterically hindered phenol to a monomer mixture in_
an amount of 0.001 to 2.0 % by weight based on all
monomers, polymerizing the resulting mixture and 
then heating and melting the POM copolymer so
obtained (JP-B-62-13369). It has been found that
the addition.of the sterically hindered phenol in
thé polymerizationlstep brought abqut certaiﬁ
effeéts for the suppression of oxidation'
decomposition of the POM copolymer in the melt
stabilization step owing to an improvement in the
dispersibility of the sterically hindefed-phendl
compared with that added at the time of melt
stabilization treatmént, however, the decomposition
products of POM appearing at_the melt stabilization
stép cannot_be removed sufficiently.

As a method for improving the deactivation of
 a-catalyst, it is kﬁown to pulvefize the crude POM
copolymer, whibh is a polymerization product, prior
to deactivation from the viewpoint of heightening'a
cataly;t deactivation efficiency and also_a |
decomposition and femoval efficiency of unstéble
terminals. From such viewpoints, the pulverized
copolymer with a.shorter-particle diameter has been

regarded to be preferable (JP-A-57-80414 and JP-A-



l58-34819).

| As a result of the investigation, however,
thé prevent inventoré have found that sﬁéh
deactivation treatment-of fhe crude POM copolymer
subsequent to pulverization improves the quality of
the resulting POM copolymer, but if the resulting
POM copolymer.is fed'to a subseqﬁent'stabiliéation
step, in which the resulting copolymer is added with
a stabilizer and then the resulting mixture is melt-
kneaded, without a decomposition and removal step of
unstaﬁle terminals, the resulting.POM copolymer

inevitably has markedly inferior operability.

JP-A<7-233230 has proposed a method in which

a crude POM copolymer having a limited amount of
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unstable terminals is used as raw material and a
stabilizer, water and the like are added thereto in
a terminal-stabilization zone, in an extruder
equipped with a melting zone, terminai stabilization
zone and degassing zone. As a result of
investigation of the above method, it has been foﬁnd
that the method permits the smooth prbduction,of.a
stabilized POM but is accompanied with the
economical problém; because the extruder should be
elongated to meet the reqﬁirement for the terminal

stabilization zone having a sufficient length.
SUMMARY OF THE INVENTION

An object of the present invention is to
provide an economically-advantageous and éimple
process fo; producing a stabilized POM copolymer
which can be provided for practical use in order to
' overcome the above-described problems. lDescribed
specifically,.an objecf of fhé present invent;on_is
to piovide-a process for producing a stabilized POM
copolymer which can be provided for practical use
withéut the ¢onventionally-emp10yed decomposition

and removal step of unstablejterminals. Angthér
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object of the present invention is to provide a
process for suppressing the oxidation of a POM
copolymer having unstable terminals, which is the
raw material in the stabilization step, thereby
produoing a stabilized PMO copolymer which can be
provided for practical use, in.the case where the
raw material PdM copolymer requires a certain time
to be fed to the stabilization step owing to
transportation, storage or the like. |

With a view to attaining the above objects,
the present inventors have carried out a total
.investigation on the process from - a polymerization
step until a stabilization step of a POM copolymer.
As a result, it has been found that the unstable-
' end-having POM copoiymer, which is the raw material
in the stabilization step, is added with a hindered
phenol in the polymerization step: the particle
diameter distribution is controlled properlf at the
time of the pniverization of_the polYmer: and by the
'addition of a small amount of water to the raw
material or=addition of water after the raw material
is melt plasticated in the stabilization step, the
oxidation and decomposition of P6M cooolymer as.the

raw material are suppressed, the problem in the
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operability such as biting neck in the stabilization
step 1is pvercoﬁe, and the decohposition product of
the POM copolymer which is formed by the thermal.
decomposition at the meltingltime can be:reMOﬁed
eaéily by degassing'in a vacﬁum, leading to the
completion of the present invention.

| It has also been found that in the case where
an unstable-terminal-having POM copolymer which is
the raw material in thé stabilization step has a.
'fixed amount of unstable terminals and has a |
particle diameter distribution properly controlled, .
the'addition of a small ampunt of water to the raw
material or addition of water after the raw materia;
;sgmq;t plasticated in the stabilization step can
'éuppress the oxidation and decomposition of POM
copolymer as the réw matérial.and moreover, overcome
the problem in the operability sucﬁ as biting neck
in the stabiliiation step, whereby the decémposition
product of the POM copolymer which is formed by the
thérmal decomposition at the melting time can be
removed eaéily b& degassing in a vacuum, leading to
the completion of the present invention. | |

In the ﬁresent invention, there are thus

provided:
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1. a process for prodﬁcing a stabilized
copolyoxymethylene by stabilizing a
copolyoxymethylehé having unstable terminals
characterized'by:
| (A) uéing as the copolyoxymethylene having

unstable terminais a copolymer obtained by .adding a
sterica;ly hindered phenol to a monomer mixture in
an amount of 0.001 to 2.0 % by weight based on all
monomers, polymerizing the monomer mixture,
pulverizing the crude polyoxymethylene fesulting
from the polymerization into a powder'having a
partiéle diameter distribution satisfying the
following items (1) to (4), and deactivating the
'polymerization cata;yst-contained ;n tﬁe crude'
polyoxymethylene, and

(B) adding a stabilizer to the
copolyoxymethylene as the raw material together with
water and degassing the mixture in_é molten staﬁe in
a vacuum: | |

(1) an average particle diameter of 0.3 to

0.7 mm,.

(2)- a cogtent of particles having diameters

larger than 1.0 mm of 3 to 20% by weight,

(3) a content of particles having diameters
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not smaller than 0.18 mm and not larger than

1.0 mm of 50 to 97% by weight,.and

(4) a content.of particles having diameters

smaller than 0.18 mm of 0 to 30% by weight

(provided that the sum of 100% by weighf);

2. a process for producing a stabilized
copolyoxymethylene by stabilizing a
copolyo#ymethylene having unstable terminals,‘
characterized by:

(A) wusing as the copolyoxymethylene having
~unstable terminals a powdered copolymer containing'
0.3 to 0.8% by weight of unstable terminals (baSed.
on the copolymer) and having a partible diameterxr
distribution satisfying the following items (1) to
(4), and

(B) adding a sfabilizer to the
copolyoxymethylene as the raw material together with
water and‘degassing'the mixturé in a moiten state in
a vaduum;

(1)"éﬁ average particle diameter of 0.3 to

0.7 mm,

(2) a content of particles having diameters

larger than 1.0 mm of 3 to 20% by weight,

(3) a content of particles having diameters
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not smaller than 0:18 mm.and not larger than
1.0 mm of 50 to 97% by weight, and
(4) a content of particles having diameters
smaller than 0.18 mm of 0 to 50% by weight
(provided that the sum of 100% by weight);
3. a process for producing a stabilized
copolyoxymethylene as described in 1 or 2,_whereih
the water is premixed with the copolyoxymethylene
feedstocks having unstable terminals:
4. a process for produciﬁg a sfabilized
copolyoxymethylene as described in 1 or 2, wherein
thé water is added after the copolfoxymethylene
feedstocks having unsfable terminals is.melt
plasticated:;
5. a broceSs.for producing a stabilized
copolyoxymethylene as déscribed in any one of 1 to
3, wherein the water and the stabilizer are premixed
with the coﬁolyoxymethylene feedstocks having

unstable terminals;

6. a process for producing a stabilized

copolyoxymethylene as described in_l, 2 or 4,
wherein the stabilizer is premixed with the
copolyoxymethylene feedstocks having ﬁnstable'

terminals, and the water is added after the
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copolyoxymethylené raw material having unstable
terminals is melt plasticated:_and
7. a process for producing a stabilized
copolyoxfmethylene as described in 1, 2 or 4,
wherein the water and the stabilizer are added after
the coéolyoxymethylene feedstocks having unstable
terﬁinals is melt plasticated.

According to the process of the present
invention, a stabilized POM copolymer can be
prepared economically, which can be seen from the

results of examples which will be described later.
DETAILED DESCRIPTION OF THE INVENTION

The present invention will hereinafter be
described more specifically.

: Thé (crude)_o#ymethylene'copolymer (POM
'copolymer) to wﬁich the present invention is applied
is available by the copolymerizétion off as a
principél mondher, a cyclic acetal such as trioxane
and, as é comonomer, ‘@ cyclic ether or cyclic formal
in the presende of a cationic active catalyst.'

The cyclic ether or cyclic forﬁal employe@

here as the comonomer is a cyclic compound
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containing at least a pair of coupling carbon atom
and oxygen atom. Examples includé ethylene oxide,
l1,3-dioxolane, 1,3,5-trioxetané, diethylene glycol
formal, 1,4-bﬁtanediol formal, 1,3-dioxane and
propylene oxide. Among them, preferred comonomers
are ethylene oxide, 1,3-dioxolane, diethylene glycol
formal and 1,4-butanediol formal. The comonomer is
used in an amount of 0.1 to 20 mole%, preferably 0.2
to 10 mole¥, based on the trioxane which is a
principal monomer.

Upon the productioﬁ of the (crude) POM
copolymer by the copdlymerization of such a monomer
and a comonomer, an ordinarily emplo&ed cationic
catalyst is used as a polymerization catalyst.
Examples of fhe cationic catalyst include Lewis
acids such as halides of boron, tin, titanium,
phosphorﬁs, arsenic and antimony, for'example, boron-
trifluoride, tin tetrachloride, titaﬁium |

tetrachloride, phosphorus pent&chloride,'phosphorus
pentafluoride, arsenic penfafluoride and antimony
péntafluoride; compounds such as complex or sélt
thereoﬁ, a protonic acid such as
trifluoromethahesulfonic acid and perchloric acid,

esters of a proton acid such as an ester of
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perchloric acid and a lower aliphatic alcohol (ex. a
tertiary butyl ester of perchloric acid), éhhydrides'
of a proton acid, partigulafly a mixed acid
anhydride 6f perchloric acid and a lower aliphatic
carboxylic acid (ex. acetyl perchlofate), isopoly
acid, heteropoly acid_(for example, phosphomolybdic
acid), triethyloxoniﬁm hexafluorophosphate,
triphenylmethyl hexafluoroarsenate and acetyl
hexafluoroborate.

Among them, boron trifluoride and a
coordiﬁation compound between boron trifluoride and
én organic compound (for example, an ether) are most
commonly used as catalysts. Since a proton acid
such as heteropoly acid or isopoly acid has high
activity as a catalyst, it easily provides a high-
-qualify crudé POM copolymer in a small amount and is
easily deactivated. lIt is therefore.prefe:red to
prepare a crude POM copolymér by polymerizing in thé
preéence_of'a catalyst_selected from such catalysts
or a mixture of two or more of them. When a Lewis
acid such as boron trifluoride.is used as a
catalyst, if is.preferably added in an amount of 15
to 25 ppm based on the feedstocks monomers. it is

desired to use a monomer having a water content not
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higher than 10 ppm in order to obtain a high-quality
crude POM copoljmer. |

For the adjustment of the moiebular weight of
the crude POM copolymer available by
copolymerization, it is also possible to carry out
polymerization by adding a proper amount of a
- suitable chain transfer agent, fop example, an
acetai coméound such as methylal or dioxymethylene
dimethyl ether.

The crude POM copolymer can be copolymerized
by using a conventionally known equipment and
process, for éxample, gither of a batch or
continuous process, or'either of melt polymerization.
or melt bulk polymerization. From the industrial
viewpoint, generaily-employed and preferred is the
continuous bulk method in whigh a liquid monomer is
ﬁsed and a pqumer is obtained in the form of a |
solid.powdery mass with the progress of the
polymerization. - In this case, the polymerizatiqn
can aléo be conducted in the presence of an inert
liqﬁid mediuﬁ as needed. - Examples of the
polymerization apparatus usable in the present
invention include co-kneadef, twin;screw continuous

extrusion mixer and twin-puddle type continuous
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mixer.

The present invenfion provides a process for
producing a stabilized POM copolymer, which is
characterized by using a. POM copolymer having
unstable terminals as the raw materials, said
copolymer having been obtained by pulverizing a
crude POM copolymer.availabie by the gddition of a
sterically hindered phenol int§ a powdér having a
specific particle diameter distribution and then
deactivating the polymerization catalyst contained
in the powdery copolymer; addiné-a stabilizer to the
feedstocks POM copolymer together with water; and
then degassing the mixture in a molten state in a
vacuum substantially without the terminal
stabilization treatment by decbmposition and removal
of the unstable terminais. |

It is necessafy thaf thé ¢£ude'POM copolymer
available by such copolymerization is produced in
the presence of a stericaily hindered phenol
(hindered éhenol compound) which is an antioxidant.
Since the sterically hindered'phenol suppresses the
oxidation deqompositioﬁ of the resulting POM.
copolymer during'polymerization and also oxidation

- decomposition of the POM copolymer at high
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temperatures in the subsequent step, thereby
permitting the provision of a high quality POM
copolymer to a final stabilization step, the crude
POM copolymer obtained by such a method is suitable
as a crude POM copo;ymer to which the present
invention is applied.

As the sterically hindered phenol usable in
the present invention, pfeferred are those having a

structure représented by the'following formula:

wherein R, and R, may be the same or difféfeﬁt from
each other and each represents a group having at
least 4 carbon atoms. Examples include_z,z}-
methylenebis(4-methyles-t-butylphenol).
hexamethyleneglycol-bis(3,5-di-t-butyl—4-
hydroxyhy@rocipnamate),.tetrakis[methylene(3,S-di-t-
butyl-4-hydroxyhydrocinnamate)]methane,
triethyleneglycol-bis-3-(3-t-butyl-4-hydroxy-5-
methylphenyl)propionate, 1,3,s-trimethy1-2,4,6¥

tris(3,5-di—t-butyl-4-hydroxy-benzyl)benzene, n-
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octadecyl-3-(4'—hydroxy—3',5'—di-t-
butylphenol)propionate, 4,4'-methylenebis(2,6-di-t-
butylphenol), 4,4'-butylidene-bis-(6-t-butyl-3-
methyl-phenol), 2,2'-thiodiethyl-bis-[S-(3,5-di-t-
butyl-4-hydroxyphenyl)propionate, di-stearyl-3,5-4i-
t-butyl-4-hydrqubenzylphosphonate, 2-t-butyl-6-(3-
t-butyl-5-methyl-2-hydroxybenzyl)-4-
methylphenylacrylate. The above-exemplified
sterically hindered phenols may be used either
singly or in combination. Examples are not limited
to them but the same kind of sterically hihdered
phenols aré all usable. Among them, |

_ hexamethyléneglycol-bis(3,5-di-t-butyl-4-
hydroxyhydrocinnamate)-Such as “Irganox 259" (trade
name; product of Ciba Geigy),
tetrakis[mefhylene(3,5-di-t-butyl-4-
hydroxyhydrocynnamate) Imethane such as “Irganqx
1010" (trade name; product of Ciba Geigy) and
'triethyleneglycol-bis-3-(3-t-bﬁty1-4-hydroxy-54
méthylphenyl)propionate such as “Irganox 245" (trade
name; product of Ciba Geigy) are particularly
effective. On the other hand, when any one of the
.antioxidénts othgr than the sterically hiﬁdered,

phenol, for example, amines, amidines and substances
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generally employed as a stabilizer for polyacetal is
added to a monomer, no polymerization reaction
occurs. | |

The sterically hindered phenol to-be added to
a monomer prior to polymerization is effective even
in a trace amount. It is used in an amount within a
range of from 0.001 to 2.0 % by weight bosed on all
monomers, with 0.005 to 1.0 % by weight being
‘'particularly preferred. Amounts smaller than the
above range bring about less effects for the
- prevention of the oxidation and decomposition, while
those exceeding the above range tend to decrease the
polymerization reaction rate and are thérefore not
economical. Amounts outside the above range are
therefore not desired.

As-a'mefhod of adding such a sterically
hindered phenol to a monomer, it is added to a
'liquid monomer to dissolve the former in the latter,

or is added in the form of a solution dissolved in a

small amount of solvent inert to the polymerization.

In the case of continuous polymerizatiomn, it is
possible to supply a fixed amount of the sterically
hindered phenol a monomer line to be fed to a

polymerizer and after mixing and dissolving it in
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thé monomer, to supply the.resulting sélution the
polymerizer; or to add and dissol#e it in advance in
the monomer layef under storage. |
The crude-POM copolymer thus polymerized is
then pﬁlverized into powders wﬁich are required to
satisfy the particle’diameter distribution
prescribed inlthe_following items (1) to (4):
(1) an average particle diamete; 6f 0.3 to
0.7 mm,
(2) a content of particles having diameters
larger than 1.0 mm of 3 to 20% by weight,
(3) a content of pérticles having diameters
not smalle: than 0.18 mm and not.laréer than
1.0 mm of 50 to 97% by weight, and
(4) a content of barticles having diameters
smaller'than 0.18 mm of 0 to 30% by weight
(provided that the sum of 100% by weight).
The above particle diameter distribution is
f§und by the present inventors after an extensive
investigation wifh a view to satisfying both the
quality, particularly the amount of unstable
terminals, of the POM copolymer obtained EY-
.pulverizatian'and déaétivation of the catalyst and

operability of the'stabilization'step'in which the
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pulverized POM copolymer, together with water and a
stabi;izing agent, is degassed in a molten state in
a vaeuum, followed by stabilization. |

Apong the abo&e requirements, the upper limit
-.(0.7 mm) of the avefage particle diameter.in (1) and
the upper limit of the ratio of fhe particles having.
a diameter exceeding 1.0 mm in (2) are impo;tant
requiremenfs'mainly'for determining the quality of
the POM copolymer. On the other hand, the lower
limit (0.3 mm) of the average particle diameter in
(1), the lower limit“of'the.ratio of the particies
having a diameterlexceeding'l.o mm in (2) and the
upper limit of the ratio of the perticles having a
diameter smaile; than 0.18 mm in (4) are imporfant
requirements mainly for determining the operability
in the stabilizing step by a stabilizer.

When the particle diameter exceeds the above
_particle diameter distribution, for example, the
average particle diameter exceeds its upper limit or
the ratio of the particles having a particle
diameter large; than 1.9 mm exceeds its upper limit,
the resulting pulverized.fOM copolymer becomes |
deteriorated in its quality, particulatly the amount

of unstable ends increases, and it becomes difficult
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to obtain a POM copolymer stable enough to be
provided on the market only by stabilization with a
stabilizer without é stabilizing treatment of
terminals by decomposition and removal of unstable
terminals. When the particle diameter is below the
above particle diameter distribution, on the other
hand, fér example, the average particle diameter is
below its lower limit, tﬁe ratio of the particles
having a particle diameter larger than 1.0 mm is
below its lower_iimit, or the'ratio of the particles.
smalle: than'0.18 mm exceeds its uppér limit, the.
operability in the stabilization step by kneading
with a.stabilizef-becqmes.markedly inferior instead
of sat;sfactory quality of the POM copolymér so that
it becomes.difficult to economically produce a
stabilized POM dopolymer.

| With the forgoing in view, the preferred
particle diameter distribution which.can satisfy
both the better quaiity of the POM copolymer and

operability of the stabilization step is as follows:

(1) an average particle diameter of 0.4 to
0.7 mm,
(2)' a content of particleé having diameters

larger than 1.0 mm of 5 to 15% by weight,
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(3)" a content of pérticles having diameters

npt smaller than 0.18 mm and not larger than

1;0 mm of 60 to 95% by weight, and

(4)' a content of particles having diameters

smaller than 0.18 mm_éf 0 to 25% by weight

(the total béing 100% by weight).

Upon pulverization as described above, no.
particular limitation is-imposed on the pulverizer
to be employed. Examples include rotary mill,
hammer mill, Jjaw cruéher, feather mill, rotary
cutter mill, turﬁo mill and classifying type impact
pulverizer. The particle diameter distribution can
be édntrolled by the rotation frequency or clearance
of a pulverizer, or scréen mesh attached to a
pulverizer and/or a shift aftacﬁed separatély as
needed..

Upon deactivation .of the catalyst contained
in the crude POM cbpolymer, a conventionally known
method can be employed. In the present invention,
if is preferred that deactivation is effected by
using an aqueous solution of an organic or inorganic
basic compound typified by triethylamine,
triethanolamine, sodium carbonate or calcium

hydroxide; and at the same time, the crude POM
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COpolymer is pulverized by wet pulverization into
powder having the above-described particle diameter
distribution. lAbeve all, it is preferred to add the
deactivator on the way from the position immediately
before the outlet_of the polymerizer to the inlet of
the pulverizer, whereby a high quality POM copolymer
can be obtained. After deactivation of the catalyst
and pulverization, the POM copolymer is subjected to
washing, drying and the like as needed. The crude
POM copoiymer so treated can be used as the raw
material for the stabilization step.

The present invention provides another method
for p:oducing a stabilized polyoxymethylene '
copolymer in the stabilization of a polyoxymethylene
- copolymer hating unstable terminals, characterized
by using as the'raw‘material a POM copolymer which
has unstable tetminals in an amount of 0.3 to 0.8%
by weight (based on the_copolymer)'and having a
.specific particleldiameter distribution; adding a
stabilizer to the resulting POM copolymer together
with water; and degassing the mixture in a molten
state in a vacuum.

Incidentally, the term "unstable terminal

'amount” of the POM copolymer as used herein means an
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amount of formaldehyde in % by:weight relative to
the copolymer, said amount being determined by
charging 1 g of a POM copolymer to a closed pressure
bottle together with 100 ml of a 50% aqueous
methanol éolutioh containing 0.5% of ammonium
hydroxide, heating the resulting mixture.at 180°C
for 45 minutes, cooling and taking the liqﬁid out
from the bottle, then analyzing the amount of
formaldehyde decomposed and eluted in the ligquid.
The amount of-fhe.unstable terminals is
controlled to fall within-a range.of from 0.3 to
0.8 ¥ by weight by the polymerization method
including the step of adding a sterically hindered
phenol; or by disso;ving, in the deactifation step
after polymerization, the polymerization product in
a2 methanol solution of an organic or inorganic bésic
compound such as triethylamine, triethanolamine,
sodium carbonate 6r calcium hydroxide and then
precipitating the POM coﬁolymer again, in the case
where the stérically hindered phenol is not added.
The crude POM copolymer so obtained is formed into a
powder which can satisfy the particle diameter
distribution prescribed in the following items (1)

to (4) and is therefore provided as the raw
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material,.

(1) an average particle diameter of 0.3 to

0.7 mm,

(2) a content of particles having diameters

larger than 1.0 mmiof 3 to 20% by weight,

(3) a content of ‘particles having diameters

not smaller than 0.18 mm and not larger than

1.0 mm of 50 to 97% by weight, and

(4) a content of particles having diameters

smaller than 0.18 mm of 0 to 30% by weight

(provided that the sum is
To the raw material crude
prepared, a stabilizer and water
resulting mixture is degassed in
vacuum, whereby a stabilized POM

obtained.

100% by weight).

POM copolymer so
are added and the
a molten state in a

copolymer is

The present invention features that the crude

POM COpolymer so prepared is used as the raw

material; and a stabilized POM copolymer is obtained

by ad&ing water to the raw material during its

stabilization step and then mixing a stabilizer and

the like in the resulting mixture while removing a

volatile component such aé the decomposition product

of thé POM polymer (formaldehyde

gas) which has
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remained in the raw material or has been generated
during the stabilization step.

Water is added in an amount of 0.05 to 5.0 %
by weight based on the weight of the raw material,
with 0.5 to 3.0_% by weight being preferred.

Amounts smaller than the above range do not bring
about effects for the removal of volatile
components, while those exceeding the above range

" are not preferred because the water contenf remains
in thé kneaded mixture; Water.maj be added after
premixed with tﬁe raw material or after the raw
material is melt plasticated. In the formef method,
water can be dispersed in advance, which makes it
possible t§ sufficient dispersion of water after
melt plastication. The addition of watef during the
melt plastication of the raw material is not
preferred, because a large amount of water exists
locally, thereby inhibitihg the plastication of the
raw material or.there is a fear of the unplasticated
porfion being mixed in.the raw material.

No particular limitation is imposed on the
stabilizer usable here and any known stabilizer can
be used. 1In geheral, however, an antioxidant and a

thermal stabilizer are used in combination.
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Exambles 0of the antioxidant include 1,6-
hexanediol-bis[3-(3,5-di-t-butyl-4-
hYdroxyphenyl)propionate],
pentaerythritoltetrakis[3-(3,S-di;t-butyl-4-
hydroxyphenyl)propionate], triethyleneglycol-bis[3-
(3-t-butyl-5-methyl-4-hydroxyphenyl)propionate] and
N,N‘-hexamethylenebis(3,5-di-t~-butyl-4-hydroxy-
cyannamide).

Examples of the thermal stabilizer include
triazine compounds such as melamine and melamine-
formaldehyde condenéate, polyamides such as nylon 12
and nylon 6°10; hydfoxides, carbonates, phoéphates,
acefates and oxalates of an alkali metal or alkaline
eafth metal; and mefallic salts of a higher fatty
acid such as stearié acid or a higher fatty acid
having a substituent such as a hydroxyl group.

To the POM copolymer of the present
in&ention, various additives can be added depgnding
upon the purpose. Exémples include weathe:-
resistant (light) stabilizer, lubricant, nucleating
agent, mold release agent, aﬁ%istatic, dye, pigment,
other organic high-molecular-materials, and
inorganic or organic fibrous, plate or.powdery

fillers.
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Examples of the apparatus usabla for the
stabilization step of the present inventioa include
~continuous extruders such as twin-screw extruder
equipped with a veht and a monoaxial screw ektruder
equipped with a venf. The volatile components are'
removed from the vent under.reduced pressure;

The present invention will hereinafter be
.described by examples and comparative examples, but
it should however be borne in mind that the present
invention is nat limited to or by the following
examples.

(Evaluation Method)
: Extrudability (Biting property of raw materials)

Observed are the biting condition of the raw
materials into aq“éxtruder and discharged condition
of a stabilized POM from the extruder at the time
when a stabilizer is incorporated in the powdery POM
copolymer and the resulting mixture is melt-kneaded
in an extruder. They are evaluated in accordanca
with the following three ranks A to C:

A: Both biting condition and discharged strands
aré stable.
B: Inferior biting condition sométimes occurs and

fluctuations in the thickness of the strands
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appear.

C: Fluctuations in the biting condition are

slightly large, fluctuations in the thickness of

strands are large and strand break sometimes

bccursf
" Amount of Unstable Terminals of the POM

Copolymer

In a closed pressure bottle, 1 g of a POM
copolymer was chargéd together with 100 ml of a 50%
agqueous methanol solution containing 0.5% of
ammonium hydroxide, followéd by heating at 180°C for
45 minutes. The reaction mixture was then cooled
and taken out from the bottle. The amount 6f
formaldehyde decomposed and dissolved in the liguid
was determined by analysis and was indicated as % by
weight based.on the copolymer.
. The monomer (fdrmaldehyde) content.(extracted
amount of formaldehyde) in the.polymer
In 40 ml of distilled water, 2 g of a POM

copolymer were charged, followed by reflux under
boiling for 1.5 hours. Then, the amount of
,_fqrmaldehyde éxtracted in the water was deterﬁined
by analysis and it was indicated by weight part;

relative to the polymerized product.
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Examples 1 to 5, Comparative Examples 1 to 5
[Preparation of Crude POM Copolymer Feedstocks (POM
cépolymer having unstable terminals)]
In each example, a twin-puddle type

confinuous polymerizer was'continuously fed with
-“trioxane added with 2.5 % by weight (based on all
the monomers) Af 1,3-dioxolane and polymerization
. was effected in the.preéence-of boron trifluoride or
phosphomolybdic acid as a:catalyst. In some of the
examples, tetfakis[methyiene(B,5-di-t-butyl-4-
hydroxycinnamate) Imethane ("Irganox 10107, trade
name; product of Ciba Geigy) Qas added in an amount
of 0.05% (based on all the monomers), and ih other
examples, it was not added, which is shown in Tables
1 and 2. The crude POM copolymer discharged from
.the outlef at the end of the polymerizer was
-dehydraféd and dried, aftef wet pulverization and
- deactivation tfeatment of the catalyst, whereby a
powdery POM copoiymer having a particle diameter
~distribution as shown in Table 1 or 2 was obfained.
The particle diameter was confrolled by changing the
rotational frequency of the pulverizer or the size
or shape of the screen mesh.

(Stabilization Treatment]
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The powdery POM copolymer so obtained was
mixed with 0.45 % by weight og'
tetrakis[methylene(3,5-di-t-butyl-4-
hydroxycynnamate) Jmethane ("Irganox 1010", trade
name; product of Ciba Geigy) and 0.1 % by weight of
calcium stearate, foilowed by melt kneading in.a
monoaxial or biaxial extruder equipped with a vent.
At that time, water was'(l) added after premixed
with the feedstocks, (2) added after the melt
plastication of the feedstocks ahd (3) not added.

| The results are shown in Tables 1 and 2.
In the~te51es described below, abbreviations
have the following meanings.
Particle diameter distribution:
within.a range: within a range of the particle
diameter distribution as
prescribed in claim 1
Outside a range 1: outside a range of the
particle diameter
distribution as prescribed in
claim 1 and a content of the
particles having a particle
~diameter less than 0.18 mm

exceeds 30 % by weight.
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Outside a range 2: outside a range of the
barticle diameter
distribution as prescribed in
claim 1 and a content §f the
particles having a particle
diameter of at least 1.00 mm
exceeds 20 % by weight.

Method of Addition;

._.Injection: addition of water to an extruder.
affer the melt plastication of the
feedstocks

Premixing: addition of water after the water is

mixed Qith the raw maferial
- Kind of Catalyst:.
BF,: boron trifluoride

HPA: phosphomolybdic acid
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formaldehyde
extracted (ppm)

Table 1
Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5
Preparation of raw
material
* Addition
of "Irganox 1010” yes yes yes yes Yes
*Kind of catalyst BF, BF, BF; BF, HPA
Amount added 20 20 20 20 . 5
(ppm)
. . s within a | within a | within a | within a | within a
ditziziﬁiii;?meter range range range range range
Stabilization step
* Extruder monoaxial { Monoaxial| biaxial biaxial biaxial
Amount of water
added (%) 2 2 2 2 2
'.Addition Method injection | premixing | injection premixing injection
-A A
+ Extrudability A A A
Evaluation (after
extrusion)
* Amount of 0.41 0.49 0.40 0.45 0.50
unstable
terminals (%)
* Amount of
S 65 78 63 70 80
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Table 2
Comp. Ex. |Comp. Ex,. |Comp. Ex. |Comp. Ex. Comp. Ex.
1 : -2 3 4 5
Preparation of raw
material
Addition no yes yes yes Yes
of "Irganox 1010"
BF, BF, BF, BF, BF,
* Kind of catalyst
Amount addid 20 20 20 20 20
(ppm)
. ) within a |outside a|outside a| within a | within a
i;ﬁ::isié::?eter range range 1 .| range 2 range range
Stabilization step
* Extruder Monoaxial | monoaxial | monoaxial | monoaxial | monoaxial
* Amount of water 2 2 2 - 5.5
added (%)
- Addition Method injection | premixing injéction - injection
: A c A A B
* Extrudability
Evaluation (after
extrusion)
* Amount of 0.59 0.50 0.92 0.61 0.83
unstable _
terminals (%)
. Amount of 152 96 182 253 70
formaldehyde

extracted (ppm)

Examples 6 to 8, Comparative Examples 6 to 9

[Preparation of Crude POM Copoiymer Feedstocks (POM

copolymer having unstable terminals)]

In each example, a twin-puddle type
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continuous polymerizer was continuoﬁsly'fed with
trioxane added with 2.5 % by weight (based on all
the monomers) of 1,3-dioxolane and polymerizatioﬂ
was effected in the presence of 20 ppm of boron
trifluoride as a catalyst. The crude POM copolymer
discharged from the outlet at thé end of the
polymerizer was dissolved under heating at 180°C in
a methanol solution containing 0.25 % by weight of
triethylémine, followed by cooling, whereby a POM
copolymer was precipitafed. The resulting
precipitate was subjected to solQent removal and
drying, followed by dry pulverization, wheréby a
poﬁdery POM copolymer having a predetermined
particle diameter distribution was obtained. The
amount of the unstable terminal groups of the raw
material POM copolymer was controlled by changing
the retentionltime_in a methanol solution at 180°C.
[Stabilization Treatment]

The powdery POM copolymer so obtained was
‘mixed with 0.5 % by weight of
ltetrakis[methylene(3,S-ai-t-butyl-4-
hydroiycynnamate)]methane ("Irganox 1010", trade
name; product of Ciba Geigy) and 0.1 % by weight of

calcium stearate, followed by melt kneading_in a
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'monoaxial or biaxial extruder equipped with:a vent.
At that time} water was (1) added after premixed
with the feedstocks, (2) added after the melt
plastication of the feedstocks and (3) not added.
The results are shown in Tables 3 and 4.
In the tables described below, abbreviations
lhave the following meanings.
Particle diameter distribution:
within a range: within a range of the particle
diameter distribution as
prescribed in claim 1
outside a range 1: outside a range of the
particle diametef distribution
as prescribed in claim 1 and a
content of particles having a
'particle diameter.less than
0.18 mm exceeds 30 % by |
weight.
outside a range 2: outside a range'of.the
particle diameter distribution
as prescribed in claim 1 and a
content of the pafticles
having a particle diameter of

at least 1.00 mm exceeds 20 %
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by Qeight{

- Method of addition;

Injection: addition of water to an extruder after
the melt plastication of the
feedstocks

Premixing: addition of water after the water is

‘premixed with the raw material
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Table 3
Ex. 6 Ex. 7 Ex. 8
Preparation of raw
material '
* Amount of unstable 0.45 0.45 0.45
terminals (%)
+ Particle diameter within a within a | within a
distribution range range range
Stabilization step
+ Extruder monoaxial | monoaxial biaxial
+ Amount of water 2 2 2
added (%) ‘
- Addition Method injection | premixing | injection
* Extrudability a A A
Evaluation (after
extrusion)
* Amount of unstable 0.25 1 0.31 0.20
terminals (%)
- Amount of 63 75 50
formaldehyde

extracted (ppm)
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Table 4
Comp. Ex.|Comp. Ex. |Comp. Ex.|Comp. Ex.

. 6 -7 . 8 9
Preparation of raw :
material '

* Amount of unstable 0.45 0.44 0.46 0.70

terminals (%)

. Pa.trticle diameter within a |outside a|outside a| within a

distribution range range 1 range 2 range

Stabilization step '
¢« Extruder monoaxial | monoaxial | monoaxial | monoaxial

+ Amount of water - 2 2 2

added (%)

"Addition Method - injection | injection | injection
|+ Extrudability A c A N
Evaluation (after
extrusion)

* Amount of unstable 0.38 0.35 0.50 0.61

terminals (%)

+ Amount of 110 76 110 300

formaldehyde
extracted (ppm)
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I

l.. A process for producing a stabilized
copolyoxymethylene by stabilizing a
copolyoxymethylene having unstable terminals,
characterized by

(A) using as the dopolyoxymethylene having
unstable terminals a copolymer obtained by adding a
steriéally hindered phenol to a monomer mixture ih
an amount of 0.0_01'to 2.0% by weight based on all
monomers, polymerizing the monomer-mi#fure,
pulverizing the crude polyoxymethylene resulting
from the polymerization into a powder having a
particle diameter distribution satisfying the
following items (1) to (4), and deactivating the
polymerization.cafalyst contained in the crude
polyoxymethylene, and

(B) adding a stabilizer to the
copolyoxymethylene as the raw material together with
water and degassing the mixture in a molten state in
a vacuum:

.(1) an average particle diameter of 0.3 to

0.7 mm,

(2) a content of particles having diameters
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larger than 1.0 mm of 3 to 20% by weight,

(3) a content of particles having diameters
not émaller than 0.18 mm and not larger than.
1.0 mm of 50 to 97% by weight, and

(4) a content of particles having diameters
smaller than 0.18 mm of 0 to 30% by weight |

(provided that the sum is 100% by weight).

2. A process for producing a stabilized
copolyoxymefhylene by stabilizing a.
copolyoxymethylene having unstable terminals,
characterized by

(A) using as the copolyoxymethylene having
unstable terminals a powdered copolymer containing
6.3 to 0.8% by weight of unstable terminals (based
on the gopolymer) and having a particle diameter

.distribution satisfying the following items (1) to
(4), and

(B) adding a stabilizer to the
copblyoxymethylehe as the raﬁ materials together
with water and degassing the mixture in a molten
state in a vacuum:

(1) an éverage_particle diameter of 0.3 to

0.7 mm,
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(2) a &ontent of particles ha#ing diameters
larger than 1.0 mm of 3 to 20% by weight,
(3) a content.of particles having diameters
not smaller than 0.18 mm and not largér than
1.0 mm of 50 to 97% by weight, and

(4) a content éf particles having diameters
smalle: than 0.18 mm of 0 to 30% by weight

(provided that the sum is 100% by weight).

3. The process for producing a stabilized
copolyoxymethylene as claimed in Claim 1 or 2,
wherein the water is premixed with the
copolyoxymethylene feedstocks having unstable

terminals.

4. The process for producing a stabilized
copolyoxymethylene as claimed in Claim 1 or 2,
wherein the water is added after-the
copolyoxymethylene feedstocks_having'unstable

terminals is melt plasticated.

5. The process for producing a stabilized
copolyoxymethylene as claimed in any of Claims 1 to

3, wherein the water and the stabilizer are premixed
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with the copolydxymethylene feedstocks having

‘unstable terminals.

6. The process for producing a stabilized
copolyoxymethylene as claimed in Cléim 1, 2 or 4,
wherein the stabilizer is premixed with the
copolyoxymethylene feédstocks having unstable
terminals, and the water is added after the
copolyoxymethylene raw'material having unstable

terminals is melt plasticated.

7. The proqess for producing a stabilized
copolyoxymethylene as claimed in Claim 1, 2 or 4,
wherein the water and the stabilizer are added after
.the copolyoxymethylene feedstocks having unstable

terminals is melt plasticated.



