I
accot dance with a process as described bel ow First, aq g%“fcwyg
copolyner I s obtained by wusing, as a principal nononer, a cycllc
such as trioxane-and, as a conononer, a cyclic acetal or cyclic ether
haV|ng an adj acent carbon aton1 addlng t heret o, dependi ng upon the
piirpose, a chain transfer “agent for the regulation of the polymerization
degree; and then copolynerizing the resulting mxture in the presence of a
cationic active catalyst. In general, such a crude POM copol yner contains
a large anobunt of unstable terminals. Wen heat is applied to the

copolymer wth the polynerizati opyggarapsstogont ai ned; thét’(‘-gl. n \ngrgﬁ |
active, depolynerization of the copolynmer or an incr aSé‘In % b'l’L '
termnals occurs. Accordi ngly, the crude PCNHCOpOI@#éW i's

a polynerization product, is prOV|ded for a deconposition and renoval step

of the unstable ter bl oilghel BpoptalY ¢PRBAOfRHN the copol yrer

I's neutralized or deac ed w h an organic or |norgan|c basi ¢ conpound

such as al kyl ami ne, alkOX%%@ME&&%LENE“%&FOﬁ@MEﬁ or
BACKGROUND OF THE INVENTION

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

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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hydrioxi de of an al kal i “retal or alkaline earth - metal . Then
t fe copol ymer so treated is heated in the presence of a basic conpound,
f'or exanple, the above-exenplified conmpound, and water or an al cohol
which is used in conmbination with the basic conpound as needed, whereby
unstable termnals are renoved by deconposition. To the POM
copolymer fromwhich unstable term nalsZave been renoved by
deconposition, various additives are then added to inpart the copolyner
with thermal stability, long-term stability and the |ike besides, various
addi ti ves agconsdafnoec wiFhmganpyomres sidded des erbbied thelapart the
copol ymer with desired properties, followed by nelt kneading, whereby a
stabilized POM copbiystr, asuctuldlee FQM popoliyméruds icbhadpedddy
Various investigations have been carried out to prepare a stabilized POV
copol ymer usiag ecagoa paincipadnmiesonéri,ha kogeld ircascetalf aguchhe
economi cal production include inprovemrent of a polymerizer, polymerization
catal yst o#stheildk&nenand, as a comonomer, a cyclic acetal or
cyclic ether having an adjacent carbon atom; adding
thereto, depending upon the purpose, a chain
transfer agent for the regulation of the
polymerization degree; and then copolymerizing the
resulting mixture in the presence of a cationic
active catalyst. In general, such a crude POM
copolymer contains a large. amount of unstable
' terminals. When heat is applied to the copolymer
with the polymerization 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 contained in the
copolymer is neutralized or deactivated with an
organic or inorganic basic compound such as

alkylamine, alkoxyamine or hindered amine, or a

hydroxide of an alkali metal or alkaline earth



a pol ynerization step, an inprovenent in a deactivator, deactivating
méthod or the like in a catalyst deactivation step and an inprovenent in a

deconposition accel erator, a deconposition and renova
apparatus or the like in a deconmposition and renoval step of unstable
term nal s. Any one of the above neasures is only for a specific

step so that inprovenents brought by it -3krave limtations. There'is
accordingly a demand for the provision of a nore econom cal process for
the production of a POM copol yner in consideration of the whole step from
pol ynmeri zanédalunt i Thegt,aldilé zabpodlyien POMtcopatederis Faeaited athy,

anong the above-descri bed steps, the step for deconposition and renoval of
unst abl e tthei paesseneguiofsa abasiihercompoamet atfor @xhmpids Mmicd energy
for the treatnment. If a POM copol yner can be provided to the fina

stabi | i zatabovel-agxefpRitfardd atbmpdddyt ahlde wieterp oy tamnaa%H@BDVal
step, econom cal ly advant ageous production can be carried out. For this

Flﬁre pose, iwhighneceseaer tih G6RBPANR 1 EhIhiduRl thY @%P@Uh@m%aner in
as needed, whereby unstaole terminals are removed by
decomposition. |

To the POM copolymer from which unstable
terminals have been removed by decomposition,
various additives are then added to impart the
copolymer with thermal-stability,'long-term
stability and the like besides, various additives
or relnforcing agents are . added as needed to impart
the copolymer with desired properties, followed by
melt kneading, whereby a stabilized POM copolymer
suitable for practical use is prepared.

. Various investigations have been carried out
to prepare a stabilized POM copolymer more
economically. Examples of the known'measures for
the eConomical production include improvement of a
polymerizer, polymerization catalyst or tne like in
a polymerization step, an improvement in a
deactivator, deactivating method or the like in a
catalyst deactivation'step-and an improvement in a

decomposition accelerator, a decomposition and



pol yneri zati on step and/or catalyst deactivation, step. The

applicants of the present invention previously proposed a process for

stabilizing the POM copolyner, which conprises adding, prior to the
pol ynmeri zation in the polynerization step, a sterically

hi-ndered phenol to a nononmer m xture in an amount of 0.001 to 2.0 % by

wei ght based on all nononers, polyneriz4wy the resulting m xture and
heating and nelting the POM copol yner so obtained (JP-B-62-13369). It has

been found that the addition of the sterically hindered phenol in the

t hen

pol yneri zariespvadpappanmtugbhont thet dike efficat dggomphps isippneasidon of
deconposition of the POM copolyner in the nelt stabilization
st ep ow ngremawalnstepeneft uns ttdirle diteparinbilki.ty of the sterically
hi ndered phenol conpared with that added at the tine of nelt

stabilization treahnmgniondopEvehe taBotec agdsuviedn iprodist Sfof BOM _
at the nelt stabilization step cannot be renoved sufficiently.

oxi dati on

appearing

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,

.among the above-described steps, the step for

decompositidn and removal of unstable terminals

requires a cumbersome operation and neéds much

energy for the treatment. If a POM copolymer can be
provided to the final stabilization step
substantially without the decomposition and removal

step., economically advantageous production can be

carried out. For this purpose, it is necessary to

prepare a high-Quality crude POM copolymer in the

polymerization step and/or catalyst deactivation

-step.

The applicants of the present invention
previously propdsed a process for stabilizing the
POM copolymer, which comprises adding, prior to the

polYmerization in the polymerization step., a



As a nmethod for inproving the deactivation of a catalyst, it is known to
pul verize the crude POM copol ynmer, which is a polynerization product,
prior to deactivation fromthe viewpoint of heightening a catalyst .
deactivation efficiency and al so a deconposition and renoval efficiency of
unstable terminals. From such viewpoints, the pulverized copolyner. with a
shorter particle dianeter has been regari3led to be preferable
(JP-A-57-80414 and JP- A- . 58-34819) . As ‘a result of the
i nvestigation, however, the prevent inventors have found that such

deact i vat i shetnicza hdgt hdfndéredr pdee i@l topd@ ymenomeubsehRsmre oln

pul veri zation inproves the quality of the resulting POM copol yner, but if
the resul tang anRGMhtopd YO'EOOLS tloed 10 & dybseeightt Habeli pat iadhl step, in
which the resulting copolyner is added with a stabilizer and then the
resul ting mbxlowierss pRilymekneddes, thet hewult drgomiostaen aardl renoval

step of wunstable termnals, the resulting POM copol yner inevitably has
mar kedly | phen He2P8h3PidndYmelting 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-



JP- A-7-233230 has proposed a nethod in which a crude POM copol ynmer havi ng
a'limted anount of -7- unstable
terminals is used as raw materi-al and a stabilizer, water and the l.ike are
added thereto in a termnal stabilization zone, in an extruder equi pped
with a nelting zone, termnal stabilization zone and degassing zone. As a
result of investigation of the above netgwd, it has been found that the
nmet hod permits the snooth production of a stabilized POM but is
acconpanied with the econom cal problem because the extruder should be
el ongated 58-3d&19he requirenent for the termnal
As a result of the investigation, however,

the prevent inventors have found that such

deactivation treatment of the 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

unstable 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



stabilization zone having a sufficient |ength. SUMVARY OF
THE | NVENTI ON : An object of the present invention is to provide
an econom cal | y-advant ageous and sinple process for producing a stabilized
POM copol ymer whi ch can be provided for practiccal use in order to
overcone the above-descri bed probl ens. Described specifically, an object
of the present invention is to provide & process for producing a
stabilized POM copol ynmer which can be provided for practical use "wthout
t he conventional |l y-enpl oyed deconposition and renoval step of unstable
term nal s. VAR e terminals gi5j axsedf ashaegwemateriaknandgn ds to
provi de a grocess for suppressing the oxidation of a POM copol yner havi ng
unst abl e teEabddlbzerhi slatert Asd rthve nhike arenatdde &t thekietad i by st ep,
t hereby ‘producing a stabilized PMO copol yner which can be provided for
practical &asterimin&ad sdsbivhbzattilom zewenatiaii ah RAMrw@akyner requires a
certain tine to be fed to the stabilization step owing to '

equipped with a melting zone, terminal stabilization

zone and degassing zone. As a result of

investigation of the above method, it has been foﬁnd

that the method permits the smooth production,of.a

stabilized POM but is accompanied with the

economical problem, 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 énd 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 invention 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. Another



tranmsportation, storage or the |ike. Wth a viewto attaining the
above objects, the present inventors have carried out a total
i'nvestigation on the process froma polynerization step until a
stabilization step of a POM copolyner. As a result, it has been found that
t he unstabl e- end-having POM-copol yner, which is the raw material in the
stabilization step, is added with a hindded phenol in the polynerization
step; the particle dianeter distribution is controlled properly at the
time of the pulverization of the polyner; and by the addition of a snal
anmount of ohtject cofhtéheawresént dinwenadont s b pateridétear the raw

material 1s nelt plasticated in the stabilization step, the oxidation and
deconposi tpoo cefs PEbLopalppEs s 8inidhethé avxirlatiah afe suppMessed, the
problemin the operability such as biting neck in the

stabi | i zat¢epol3dri RaMi§ OiRstabld hee SRANEIDS | t WBLdH ogyCiehdf the POM
copol ymer which is formed by the thermal deconposition at the nelting tinme
can be renpy@d mEst L 104 (fogRe S5RGY 1M B2 ¥2AWHN st8RdI Rthé Peblye

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



conpl etion of the present invention. It has al so been found that in
the case where an unstable-term nal -having POM copol yner which is the raw
material in the stabilization step has a fixed amount of unstable
termnals and has a particle dianmeter distribution properly controlled,

the addition of a small anount of water to the raw nmateri al

or

addi ti on of

water after the raw material is nmelt pF&sticated in the stabilization step
can suppress the oxidation and deconposition of POM copol ymer as the raw
materi al and noreover, overconme the problemin the operability such as

bi ti ng neckperabihel tyasiudiraas obhidtigyy nheketiyn t bhedsdipbiilziatiopr oduct
of the POM copol yner which is fornmed by the thernmal deconposition at the
mel ting tiskepardsheoverpomsl, easdl thHey degasmpioxitihoa aredurtl eafli ng to
the conpletion of the present invention. In the present invention
there are thesPOM avopedymer which is formed by the thermall- 1. a
process for producing a stabilized copolyoxynethylene by stabilizing a

copol yoxy né ophngies heyong ansteel meldfingakime can be removed

easily 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 términals and has a

particle diameter distribution properly controlled, .

the'addition of a small amount of water to the raw

material or addition of water after the raw material

;sgmq;t plasticated in the stabilization step can

suppress the oxidation and decomposition of POM

copolymer as the raw material and moreover, overcome

the problem in the operability such as biting neck

in the stabilization step, whereby the decomposition

product of the POM copolymer which is formed by the

thermal decomposition at the melting time can be

removed easily by degassing in a vacuum, leading to

the completion of the present invention.

In the present invention, there are thus

provided:



~characterized by: (A) using as the copol yoxymnet hyl ené havi ng
uristabl e term nals a copol ymer obtained by adding a sterically hindered
phenol to a nononer mxture in  an anount of 0.001 to 2.0 % by wei ght based
on all nononers, polynerizing the mononer m xture, pulverizing the crude
pol yoxynet hyl ene resulting fromthe pol ynerization into -a powder having a
particle dianeter distribution satisfyirgdthe followng itens (1) to (4),
and deactivating the polynerization catalyst contained in the crude

pol yoxynet hyl ene, and (B) adding a stabilizer to the

copol yoxynét-hyl%nﬁraf‘retslﬁa Fow paOSueingogetsierbiilizedat er and degassi ng
the mxture in a nolten state in a vacuum (1) an average particle
di amet er ofoPclyoxymethylenz by stabilizimgaacontent of partlcles
havi ng di aneters | arger than 1.0 mmof 3 to 20% by wei-ght ,

(3) a conteppolkyeaymedhssl énei hawlimgetastable 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



not smaller than 0.18 nm and not |arger than 1.0 mmof 50 to 97% by
wei ght, and (4) a content of particles having dianeters
smal ler than 0.18 mnmof 0 to 30% by wei ght (provided that the sum
of 100% by weight); 2. a process for producing a stabilized
copol yoxynet hyl ene by stabilizing a copol yoxynethyl ene havi ng unst abl e
termnals, characterized by: (Allusi ng as the copol yoxynet hyl ene
having wunstable termnals a powdered copol yner containing 0.3 to 0.8% by
wei ght of unstable termi nals (based on the copolyner) and having a
particle dianeter n@itstsmalilesn tansPyildg mmeand Irowk naictgers thanto  (4),
and (B) adding a stabilizer to the copolyoxynethylene as the raw
mat eri al together Wi.©0h mmad€r 58nccaleg@gsibyg wdkghitkt Laedi n a nolten state
in a vacuum (1) an average particle dianeter of 0.3 to
0.7 mm (2) 49 canteohtentpasfi plaex vleéBo hdwikgedIameters | arger
than 1.0 mmof 3 to 20% by weight, (3) a content of particles
havi ng diameters smaller than 0.18 mm of 0 to 30% by weight
(provided that the sum of 100% by weight);
2. a process for producing a stabilized
copolyoxymethylene by stabilizing a
copolyoxymethylene 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 stabilizer to the
copolyoxymethylene as the raw material together with
water and degassing the mixture in a moiten state in
a vacuum:
(1) an 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



-12 - not smaller than 0.18 nm and not |arger than 1.0 mm
of" 50 to 97% by wei ght, and (4) a content of particles having

di aneters smaller than 0.18 mmof 0 to 30% by wei ght

(provided that the sum of 100% by weight); 3. a process for producing a

stabilized copolyoxynethylene as described in 1 or 2, wherein the water

Is prem xed with the copol yoxynet hyl ene-12eedst ocks havi ng unstabl e

term nal s;
descri bed

copol yoxynet hyl ene ndteesmaddiesr HuvangOurddt aneanst matl dargex| than

4. a process for producing a stabilized copolyoxynethylene as

in 1l or 2, wherein the water. is added after the

pl asticated: 5. a process for producing a stabilized copolyoxynethylene
as described in any .dnemnf of t50 B 9M1&r &y wedgkdt eramndd t he stabilizer

are prem xed wth the copol yoxynet hyl ene feedstocks having

term nal s;
descri bed

unst abl e

6. a pr(eressaf ebnyeritico A9 parst bl kisz étavEnpoldiawatey ene as

in 1l, 2 or 4, wherein the stabilizer is prem xed with the

copol yoxynet hyl ene shifeTBé 2C kR dtAV0 NYsURSE 0 €0 ity B OR! By arghighe water is
added after the

(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 copolyoxymethylene 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



-13 - copol yoxynet hyl ene raw material having unstable ternminals is nelt

pl'asticated; and 7. a process for producing a stabilized
copol yoxymet hyl ene as described in 1, 2 or 4, wherein the water and the
stabilizer are added after the copol yoxynet hyl ene feedstocks having

unstable termnals is nelt plasticated. According to the process

of the present invention, a stabilized-B®M copol yner can be prepared
econom cal ly, which can be seen fromthe results of exanples which wll
described | ater. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The presergopaddaxymethlylldrne erawf mateériadesdvavbnd morstapiei fical ly.
The (crude) oxynethyl ene copol ynmer (POM copolyner) to which the present
i nvention termpmlales issmaia | pbhs tlhiycdbedcopaldneri zation of, as a
princi pal ‘mononer, a cyclic acetal such as trioxane and, as a conononer,
cyclic ether oa pamdcesbofont produksimgeaescaawilazed i onic active
catal yst. : :

copolyoxymethylene as described in 1, 2 or 4,

wherein the water and the stabilizer are added after

the copolyoxymethylene feedstocks having unstable

terminals 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 of, as a
principél mondher, a cyclic acetal such as trioxane
and, as a comonomer, ‘a 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

be

a



The cyclic ether or cyclic formal enployed here as the .conononer is a
cyclic conpound , , - 14- cont ai ni ng at

| east a pair of coupling carbon atom and oxygen atom Exanples include
et hyl ene oxide, 1, 3-dioxolane, 1,3,5-trioxetane, diethylene glycol
formal, 1,4-butanediol fornmal, 1,3-dioxane and propylene oxide. Anbng
them preferred comonomers are ethylenegxide, 1,3-dioxol ane, diethylene
glycol formal and 1,4-butanediol fornal. The conononer is wused i.n an
anount of 0.1 to 20 nole% preferably 0.2 to 10 nole% based on the

trioxane WeloeltdfndngPld1CLEAtTHI0PREir of coupAdy (H&rBoeductbmn of the
(crude) POM copolyner by the copolynerization of such a nononer and a

Comhoner,a%ra%gga%i |t &P! © es@;éeniﬁcf@aé!)é%tn'f Heed:A5q 8

.pol ynerization catalyst. Exanp thé cafionic catalyst inclufle Lew s

ocids suchys RaLbdBa e bO5 03, & L LILANN ABRHRPOLUS, Fgsoyc anc

anti nony, for exanple, boron” t ori ani um

o oy gm0 N2 PERERATY "4 8nal" 0P UL oxbSHL ABltpr e arsenic
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



pentaf | uori de, conpounds such as conplex or salt thereof, a'protonic acid
such as trifluoronethanesul fonic acid and perchloric aC|d esters of a
proton acid such as an ester of . - 15-
perchloric acid and a | ower aliphatic alcohol (ex. a tertiary butyl ester
of perchloric acid), anhydrides of a proton acid, particularly a mxed
acid anhydride of perchloric acid and a{kower aliphatic carboxylic acid
(ex. acetyl ‘perchlorate), isopoly acid, heteropoly acid (for exanple,
phosphonol ybdi ¢ acid), triethyloxoni um hexafl uorophosphat e,

triphenyl "peidn NE¥alk! WU ORr 8RA2E PoWe2CAINpnALAR! ld0EORBNAGx. a
Anmong themy boron trifl uorlde and a coordlnatlon conpound betmeen bor on

ctrifluoridg s ; tgﬁgg% gﬁggoggjéggeﬂyggyéesggypthﬁ st

comonl y use I nce oton acid opo y aC|d or

| sopoly aci g f%a{nt_)bgg ag:éie{l tiﬁa@st a‘f‘ﬁi%'lﬁf,ta a%%x%‘?f'elé(lﬁr ovi des a hi gh-

quality cra copo yIer easi |y deactlvated

It is theref dPESfer¥H¥éPChlorlc 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



prepare a crude POM copol ynmer by polynerizing in the presence of a

catal yst selected fromsuch catalysts or a mxture of two or nore of them
Vihen a Lewis acid such as boron trifluoride is used as a catalyst, it is
preferably added in an amount of 15 to 25 ppm based on the feedstocks

nmononers. It is desired to use a nonomer having a water content not
- 16- hi gher than 10 ppmin order to ohtgi-n a high-quality crude POM
copol ymer. For the adjustnment of the nolecular weight of the crude

POM copol ynmer avail abl e by copolynerization, it is also possible to carry
out pol ymbdigiegx obhlap abltli pgma i opedeaniontobtadn sl habhe qpbal oty ansf er
agent, for exanple, an acetal conpound such as nethyl al or dioxynethyl ene

di met hyl etherde POM copdymewde POM copol ymer can be copol ynerized by
usi ng a conventionally known equi pnent and process, for exanple, either of

a batch or continpges tHOCLAust¥meh NS FndehblRAVIRE G BF el t
bul k pol ynerization. Fromthe industri al
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
acetal 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 a;éo 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



vi ewpoi nt, generally-enployed and preferred is the continuous bulk nethod
in which a liquid nononer is used and a polyner is obtained in the form of
a solid powdery mass with the progress of the polynerization. In this
case, the polynerizati-on can also be conducted in the presence of an inert .
i quid nmedium as needed. Exanples of the polynerization apparatus usable
in the present invention include co-knegger, tw n-screw continuous
extrusion m xer and tw n-puddl e type continuous '

-17- m xer. The present invention provides a process for
produci ng &IXebilized POM copol yner, which is characterized by using a
POM copol yner having unstable termnals as the raw materials, said
copol yner havi ng b&&re aireseat hnpehtacripgoaidudide POVcps! FaRr
avai l abl e by the addition of a sterically hindered phenol into a powder
having a gpeedtcdngard i stabdildmsdr POMSiddPolvARENAvhDER sdeactivating
the pol yneri zation catal yst contained in the powdery copolyner; adding a
stabilizer chatdetefrdensd obks uBAM § 0ROPYIEIcé PO VRAIr WA 1WR) er; and

unstable terminals as the raw materials, said

copolymer having been obtained by pulverizing a

crude POM copolymer.availabie by the addition of a

sterically hindered phenol into a powdér having a

specific particle diameter distribution and then

deactivating the polymerization catalyst contained

in the powdery copolymer; adding 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 terminals.

It is necessary that thé ¢£ude'POM copolymer

available by such copolymerization is produced in

the presence of a stericaily hindered phenol

(hindered phenol compound) which is an antioxidant.

Since the sterically hindered'phenol suppresses the

oxidation decomposition of the resulting POM

copolymer during'polymerization and also oxidation

- decomposition of the POM copolymer at high



then degassing the mixture in a nolten state in a vacuum substantially
wi'thout the termnal stabilization treatnment by deconposition and renoval
of the unstable term nals. It is necessary that the crude POV
copol ymer -avail abl e by such copol ynerization is produced in the presence
of a sterically hindered phenol (hindered phenol conpound) which is an
antioxidant. Since the sterically hindeygd phenol suppresses the

oxi dation deconposition of the resulting POM copol yner during

pol ynmeri zati on and al so oxi dation deconposition of the POM copol ynmer at

hi gh temperatures in the subsequeb® -stépnpertséteby in the
subsequent step, thereby pernmtting the provision of a high quality POM
copol yner permithiahgstthe | previeietepf taherLghdeualAtgopawymer obt ai ned
by such a nethod is suitable as a crude POM copol yner to which the present

invention copxipymes. to a £inAl tdeabienizeatiynhishdgy edepbenglygisabl e in
the present invention, preferred are those having a structure represented
by the fol poM nfopOLHer d®thlined by such a method is suitable
as a crude POM copolymer to which the present
invention is applied.
As the sterically hindered phenol usable in

the present invention, preferred are those having a

structure represented 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@rocipnamatg),.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-



-‘wherein Rl and R2 may be the same or different from each other and each
represents a group having at |east 4 carbon atons. Exanples include 2,2'-
nmet hyl enebi s( 4- net hyl - 6-t - but yl phenol ),

‘hexanet hyl enegl.ycol - bi s(3,5-di-t- butyI 4-  hydr oxyhydroci nnamat e) ,

tetraki s[methyl ene(3,5-di-t- butyl- hydroxyhydr00|nnanate)]nethane
triethyl enegl ycol -bi s-3-(3-t-butyl -4-hydrgxy-5- nethyl phenyl ) propionate,
1,3,5-trinethyl-2,4,6- tris(3,5-di-t-butyl-4-hydroxy-benzyl)benzene, n-
- 19 - oct adecyl - 3-(4' - hydroxy-3',5"-di-t- butyl phenol ) propi onat e,

4,4" -met hybeytebdeeg16-3li ¢4+ h?@ﬁdﬁ?eﬁ®|b,-dl t-
4,4' -butylidene-bis-(6-t-buty et hyl - phenol’) ,

o2 it B NG RMeR Y

t-butyl-5- gRiY 5RaA¥ANOXVPeRZY ity 11 dene-bis- (6 -t-butyl-3-
methyl- phenol) 242 -thiodiethyl-bis-[3-(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 particuiarly
effective. On the other hand, when any one of the
.antioxidénts othgr than the sterically hiﬁdered,

phenol, for example, amines, amidines and substances



met hyl phenyl acryl ate. The above-exenplified sterically hindered phenols
mey- be used either singly or in conbination. Exanples are not limted to
t hem but the sane kind of sterically hindered phenols are all usable.
Anong them  hexanet hyl enegl ycol - bi s(3,5-di -t-butyl -4-

hydr oxyhydr oci nnamat e) such as "lrganox 259" (trade nane; product of Ci ba
Geigy), tetrakis nethylene(3,5-di-t- but%b

hydr oxyhydr ocynnanat e) ] met hane such as ganox 1010" (trade nane; product
of Ciba Geigy) and triethyleneglycol-bis-3-(3-t-butyl-4-hydroxy-5-

et hy| phenylekiy 091 09 s 1oeR® o T9BRKAANY 241 2T SETTacUHCL SOl O ba

Ceigy) are particularly ™ efTective. he ot n any one of the

anti oxi dangaddiet of B iEmaker | 7§41 HIE £ 1B Pl QonXaTD

am nes, nes and substanc . . - 20-
generally 8 gd as a stablllzer for polyacetal is added to a nononer,
no pol ynerrzation reaction occurs. : The sterically hindered

phenol to be addedThe 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 bésed 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 decémposition, 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 phenbl a monomer line to be fed to a

polymerizer and after mixing and dissolving it in



a nononer prior to polynerization is effective even in a trace anmount. It
IS used in an anobunt within a range of fromO0.001 to 2.0 % by wei ght
based on all nmononers, with 0.005 to 1.0 % by wei ght being particul arly
preferred. Amounts smaller than the above range bring about |ess effects
for the prevention of the oxidation and deconposition, while those
exceedi ng the above range tend to decregz?_the pol yneri zati on reaction
rate and are therefore not econonical. Amounts outside the above range are
t herefore not desired. As a nethod of adding such a sterically

hi nder ed phteolménmomempnoti®@r suplpliys tlldeeelsta bt ihigdw sl genererti® di ssol ve
the former in the latter, or is added in the formof a solution dissolved

in.a smal podymmetigkrsolyentol A¥d 4Rat B ¥Y YUEN i1A3ti fNadvidhddejgase of
continuous polynerization, it is possible to supply a fixed anount of the

sterical | ythii nish 6fleRh ey e 2 RRIErstbrade, be fed to a polynerizer and
after mxing and dissolving it in -21-
“the nmononer, to suphley drifaé eebM IdWhSPYHE°tABE 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 copoiymer obtained EY-
.pulverizatian'and déaétivation of the catalyst and

. operability of the'stabilization'step'in which the



pol ymeri zer; or to add and dissolve it in advance in the nononer |ayer
under storage. The crude POM copol yner thus polynerized is then
pul veri zed into powders which are required to satisfy the particle

di ameter distribution prescribed inthe following items (1) to (4):

(1) an average particle dianeter of 0.3 to 0.7 mm (2) a
content of particles having dianeters - larger than 1.0 mmof 3 to
20% by wei ght, (3) a content ofzaérticles havi ng di aneters

not smaller than 0.18 nm and not | arger than - 1.0 mmof 50 to 97%

DY VELOM pltbarizea pdd) cBGRAUSLE oL ARtASLoR LY g udaiars
of L0076 DY RN 21 mcente S HeEAREAA LR, & HELERTSHAER D 15
e o] e Tk B3GR ppY, e arount of unstable
of the catalyst and s fhe abbve roguirementa, the'GPper Timit "
-.(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 pérticles 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



-22 - pul veri zed POM copol yner, together with water and a stabilizing
agent, is degassed in a nolten state in a vacuum followed by
stabilization. Anong t he above requirenents, the upper limt (0.7
m) of the average particle diameter in (1) and the upper lim¢t of the
ratio of the particles having a dianeter exceeding 1.0 mmin (2) are

I nportant requirenents nmainly for determ,ning the quality of the POV

copolyner. On the other hand, the lower "Timit (0.3 nm) of the average

particle dianeter in (1), the lower . limt of the ratio of the particles
havi ng a di e £xgegdi 1.0 in (2).apd the upper_limt of the ratio
of the part?‘g}aggthaw ng g%i%%??y“@él%ﬁ?ggﬁaﬁWEggnﬁq P®4) are

| mport ant Ny nts inly for determning.the operability in the
stabil i zi ng‘s‘gggﬂ'dﬁ%ﬁa‘)gt g@’ﬁ i'g%?}.?et only We%tt%ibgfzﬁfc%ndwa#@t@r
exceeds the €bgvadﬁgartiql diameter distribution, for exanple, the

average par$tePe-dizght ¥ithaitkq? stabjpbbsipgnitreptmend r@fio of the
particl es having a particle diameter larger than 1.0 nm exceeds its upper
limt, the*$ER PEkRy P f@comre pttiedp R Yaeremaonbs ofdatrstabdteed in its

quality, particularly the anmount of unstable ends increases, and it
becomes di f¥¢EREinals. 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,



- 23- to obtain a POM copol yner stable enough to be provided on the
market only by stabilization wwth a stabilizer without a stabilizing
treatment of termnals by deconposition and renoval of unstable

termnals. When the particle dianeter is below the above particle dianeter
distribution, on the other hand, for exanple, the average particle
dianeter is belowits lower limt, the E%tio of the particles having a
particle dianmeter larger that 1.0 mmis " “Oélowits lower limt, or the
ratio of the particles smaller than 0.18 nmm exceeds its upper limt, the

operability in the bilLzati e y. kneadi.n W th a stabilizer
becones markedly i n(fs'%afi or Eli %&ngﬁ;%ﬁkogtgaﬁﬁgfi(g}% laﬁgllfl[%/ %fa'f'ﬁé;%\/l
copolymer so that _jt, becoges difficult to econonjcally.produce

stabilized PGwcop&%ﬁmﬁmaqier th?WtﬁT#é ?Brﬁﬁamﬁ?h &ﬁﬁ&thEaﬁﬁﬁerred
partjcle;dianEterngiﬁgribution whj ch can satisfy both the better quality
of thé POV copol yner Gril® 8feSdhi F9t ¥ 55 Rheved@hti zaRFon step is as

f.ol | ows: (%eég,an average particle dianeter of 0.4 to : 0.7
mm (2)' a ten? GOHHRECPEs RRNTAGlEsaRe2ELag diameters

.smaller than 0.18 mm of 0 to 25% by weight

(the total being 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



larger than 1.0 mmof 5 to 15% by wei ght,

-24- (3) a content of particles having dianeters not
sral | er than 0.18 nmand not |arger than 1.0 mmof 60 to 95% by
wei ght, and (4)' a content of particles having dianmeters

smal ler than 0.18 mmof 0 to 25% by wei ght ' (the total being 100%
by wei ght). Upon pul veri zation ig descri bed above, no particul ar
limtation is inposed on the pul verizer““t0 be enpl oyed. Exanples include

rotary mll, hamrer mll, jaw crusher, feather mll, rotary cutter mll,
turbo mill and cIaSS|fy|ng type i npact pulverizer The artlcle di anet er
dIStrIbutISHR&%ym%E &&ﬂﬂ¥}¥%61&F4rkﬂrUﬁi|%H1YF&$ﬁQE£°Br irance of

a pul verizer, or screen mesh attached to a pulverizer and/or a shift

‘attached sBBﬁ4ﬁ¥H9aH§ngu%%%dab°Ve desggdiP ek aBerFdiG be Sfamatesnt al yst.
contained in the crude POM copolyner, a conventionally known nethod can
be enpl oye@isltrribﬂétppéls-entAbﬁVGntalJoh, it iss prefemmafl t hat adshictheati on

i's effected by
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 ha&ing unstable terminals, characterized
by using as the'raw‘material a POM copolymer which
has unstable teiminals 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



usi ng an aqueous sol ution of an organic or inorganic basic conpound
typified by triethylamne, triethanolam ne, sodium carbonate or cal cium
hydroxi de; and at the same time, the crude POM _
- 25- copolymer is pulverized by wet pulverization into powder having the
above-descri bed particle diameter distribution. Above all, it is preferred
to add the deactivator on the way from-t26e position i nmedi ately before
the outlet of the polynerizer to the inlet of the pulverizer, whereby a
hi gh quality POM copol ymer can be obtained. After deactivation of the
catal yst &RPpdtyv&f Aervaldehy Penvioofol yyeveightubrededd ve taashi ng,
drying and the like as needed. The crude POM copolyner so treated can be
used as t h&hewcopmtlymar,f saitheamoubitl ibat ngn dettsgrmined by The present
i nvention provides another nethod - for producing a stabilized
pol yoxyret lphangingopbl gnef ian RO cbpbilymetri o & @&l pskdorpmes surene
copol yner having unstable termnals, characterized by using as the raw
materi al a M lepdogethahi eiithasoonwlade beswmnaagueduan anount of 0.3
to. 0.8% . _ : : :
methanol solution containing 0.5% of ammonium
hydroxide, heating the resulting mixture at 180°C
for 45 minutes, cooling and taking the liquid out
from the bottle, then analyzing the amount of
formaldehyde decomposed and eluted in the liquid.
The amount of the. 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 dissolving, in the deactivation step
after polymerization, the polymerization product in
a methanol solution of an organic or imorganic basic
compound such as triethylamine, triethanolamine,
sodium carbonate or calcium hydroxide and then
precipitating the POM copolymer again, in the case
where the sterically 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



by wei ght (based on the copolyner) and having a specific particle dianmeter
distribution; adding a stabilizer to the resulting POM copol yner together
with water; and degassing the mxture in a nolten state in a vacuum
Incidentally, the term"unstable termnal anmount” of the POM copol yner as
used herein nmeans an - 26- amount of
formal dehyde in % by weight relative to_ yhe copol yner, said anount being
determ ned by charging 1 g of a PCNIcop&Iyner to a closed pressure bottle
together with 100 ml of a 50% aqueous nethanol sol ution containing 0.5% of
anmoni um #%g%&gﬁg heating the resulting m xture at 180[err] C for 45
m nutes, coolng and taking the liquid out fromthe bottle, then anal yzing

th t of f hyde d d apd eluted in the |iquid,
The amount of the uRSdanid (ATRFARRS L CEGA oFFBBOLoH &t Hrthit a range

of from0.3 to 0.8 % béwreight by the polynerization nmethod including the
step of adding a st%r%c v hindered phenol; or by dissolving, in the

deactivation step - :
P (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 fhan

1.0 mm of 50 to 97% by weight, and

(4) a céntent of particles having diameters

smaller than 0.18 mm of 0 to 30% by weight

(provided that the sum is'100% by weight)f

To the raw material crude POM copolymer so
prepared, a stabilizer and water are added and the
resulting mixture is degassed in a molten state in a
vacuum, whereby a stabilized POM copolymer is
obtained.

The present invention features that the crude
POM COpolymer so prepared is used as the raw
material; and a stabiiizéd POM copolymer is obtained
by ad&ing water to the raw material during its
étabilization step and then mixing a stabiliier and
the like in the resulting mixture while removing a
volatile component such aé the decbmpositioh product

of thé POM polymer (formaldehyde gas) which has



after polynerization, the polynerization product in a methanol solution of
an organic or inorganic basic conpound such as triethylam ne,

tri et hanol am ne, sodium carbonate or cal ci um hydroxi de and then
precipitating the POM copol yner again, in the case where the sterically

hi ndered phenol is not added. The crude POM copol yner so obtained is
formed into a powder which can satisfylhgg particle diameter distribution
prescribed in the following itens (1) to (4) and is therefore provided as

t he raw -27- mat eri al . (1) an.
aver age parddytd £ndigang efp af 0 a content
of particles havlilng g’ﬁ{arretgré%& rﬁé’terilaalr g%F Péﬁl?%nn%e&e%égédm% by
wei ght , R { . ti -~ havi ng di aneters not
smal | er thgrlllrol.'rig %egn%eﬁéﬁaﬁaz%t@? hesl(r?eeps' 1.0 mmof 50 to 97% by

v B0 o 1 MRS o1 SR ABASLER W GO0 RIS 4
's 100% by el 0l ht vased ol fHE HEYSER S5k nY UHS, PRMPRL Y TN SO
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. In general, however, an antioxidant and a

thermal stabilizer are used in combination.



prepared, a stabilizer and water are added and the resulting mxture is
degassed in a nolten state in a vacuum whereby a stabilized POM copol yner
i s obtai ned. The present invention features that the crude POM
copol yner so prepared is used as the raw nmaterial; and a stabilized POV
copolynmer is obtained by adding water to the raw material during its
stabilization step and then mXxing a staBglizer and the like in the
resulting mxture while renoving a volatile conponent such as the
deconposition product of the POM pol yner (fornmal dehyde gas) which has

-28-  renmmined i nEampBesnotterdlpd ahthaxkeentganrtohed 1dud ng the
stabilization step. Water is added in an anmount of 0.05 to 5.0 %

by wei ght basedineditdle-wes gbt (af, g heicgwpmigrial, wth 0.5 to 3.0 % by
wei ght being preferred. Anounts smaller than the above range do not bring

about eff eqlyid#OkybhRdEIP¥Rbpfon®talil e conponents, while those

exceedi ng the above range ~are not preferred because the water content

remal ns pentaerythritoltetrakis[3-(3,5-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
invention, 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.



in the kneaded m xture. Water nmay be added after prem xed with the raw
mpterial or after the raw material is nelt plasticated. In the forner

nmet hod, water can be di spersed in advance, which makes it possible to
sufficient dispersion of water after  nelt plastication. The addition of
water during the nelt-plastication of the raw material is not preferred,
because a | arge anount of water exists lgpcally, thereby inhibiting the

pl astication of the raw material or there is a fear of the unplasticated
portion being mxed in the raw material . No particular limtation

I's inposed on the Estamipleésebfustié eappladfinds ans dobenfsralinézer can be
used. In general, however, an antioxidant and a thermal stabilizer are

used i n comtiabilamation stéep of the present invention?%nclude
Exanpl es of the antioxidant include 1,6-

hexanedi ol dyrst 8n(3us Extriders 4sucHYQr50WﬂﬁD‘é'c)ﬁ@péﬁ"&%ﬁﬁier
pentaerythritoltetrakis[3-(3,5-di-t- buty -4-  hydroxyphenyl) propi onat e]

hyl g
.;L'det RO v ﬁgﬁ; g{]igtbllxségvte i gh g mf,w% gllam r&éﬁ&t}e%xielpﬁagssonat el

equipped with a vent. The volatile components are
removedlfrom 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 not 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



cyannam de) . Exanpl es of the thermal stabilizer include triazine
conpounds such as nel am ne and nel am ne- fornal dehyde condensate,

pol yam des such as nylon 12 and nylon 6.10; hydroxi des, carbonates,
phosphat es, acetates and oxal ates of an alkali nmetal or alkaline earth
metal; and netallic salts of a higher fatty acid such as stearic acid or a
hi gher fatty acid having a substituent S4ch as a hydroxyl group.

To the POM copol yner of the present invention, various additives can be
added dependi ng upon the purpose. Exanpl es include weather- resistant
(l'ight) stabildpgsarl.ubricant, nucleating agent, nold rel ease agent,
antistatic, dye, pignent, other organic high-nolecular materials, and

i norgani ¢ or @ 9aPi Gcltld LR s P 108 B@vﬂg{d bhi¥fon are
- 30- Exanpl es of the apparatus usable ?or t he staglllzatlon step

of the presentss {ygehiyon dA5Lude 1 LANLEYRYS Sk NB! S piERnas 4 W 8- SCT oW

extruder equi pped w nonoaxi al screw extruder —equr pped

with a vent. The-yRA8! % CPIPGRC NS % Erand break sometimes

occurs..
" 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.



renmoved fromthe vent under reduced pressure. " The present invention
w tl hereinafter be described by exanples and conparative exanpl es, but

it should however be borne in mnd that the present invention is. not
limted to or by the following exanples. (Evaluation Mt hod)
Extrudability (Biting property of raw materials) bserved are the
biting condition of the raw materials i@ an extruder and di scharged
condition of a stabilized POMfromthe extruder at the time when a
stabilizer is incorporated in the powdery POM copol ynmer and the resulting
m xture is Eeampleaadedtoi 5 ,aCanpavadivd hExagiFleyaliuaieeds i n accor dance

with the following three ranks Ato C A Both biting condition and
di scharged sprapdsation’ 8sSichi®e poM %o%Bi?ﬁié}f PG sOREl {(ipM
someti nes occurs and fluctuations in the thickness of the strands

- 31- BPgliymer RavindClddtaBid ntdrRiRMIgPicondition are
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]



slightly large, fluctuations in the thickness of strands are | arge and
strand break sonetines occurs. Amount of Unstable Term nals of the
POM Copol yrer In a closed pressure bottle, 1 g of a POM

copol ymer was charged together with 100 ml of a 50% aqueous nethanol

sol ution containing 0.5% of ammoni um hydroxi de, followed by heating at
180[err] C for 45 minutes. The reaction @3xture was then cooled and taken
out fromthe bottle. The anount of fornal dehyde deconposed and di ssol ved
in the liquid was determ ned by analysis and was indicated as % by weight

based on the copol ¥ .powdeHye FEMOBBH JIHH&R! Q%hmaiﬁ@cﬁrﬁaée” ract ed
anount of formal dehyde) in the pol yner m of distilled water,

2 g of a PaMxedprhitrero Wese sChaf gedighdl |osed by refI ux under boiling for
1.5 hours. Then, the amount of formaldehyde extracted in the water was

determ nedtdﬂr@ﬁﬂb){%@u@f‘ﬂeh@(\@Ssl&i'u{atﬁ%ﬁtyi wei ght parts relative to
t he -pol yneri zed product. - 32-
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.



Exanples 1 to 5, Conparative Exanples 1 to 5 [Preparation of Crude POM

Capol ynmer Feedst ocks (POM copol yner having unstable term nals)] I n
each exanple, a tw n-puddle type continuous polynerizer was continuously
fed with trioxane added with 2.5 % by wei ght  (based on all the nononers)

of- 1, 3-di oxol ane and pol yneri zation was effected in the presence of boron
trifluoride or phosphonol ybdic acid as catalyst In sone of the

exanpl es, tetrakis[nethylene(3,5-di-t- buf y -4-  hydroxyci nnamat e) ] net hane
("lrganox 1010", trade name; product of O ba Geigy) was added in an anount

of 0.05% (-basedo & et BE 53) o at Reing&Xal@se it was not
added, which is ghomn ?n Tables 1 an T e crude POM copol yner

di scharged from the outlet at the e r was dehydrated
and dried, after wet pul verization a%%lgégégglva HgﬁEF%gatnent of the

catal yst, whereby a powdery PCNICOD %§§§HQ91 Bahe 5%? ? ?ggéﬁgneter

di stribution as shown in Table 1 or ined.
was controlled by changing the rotatlonal uency t he, pul.v rlzer or
the size or shape of the screen nesff-2¥%t bFﬁVﬁd?lSﬁnffﬁﬁfngﬁt]

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 thel
feedstocks

Premixing: addition of water after the water is
mixed Qith the raw maferial
- Kind of Catalyst:.
BF,: boron trifluoride

HPA: phosphomolybdic acid



- 33- The powdery POM copol yner so obtained was mnmxed with 0.45 %
by.wei ght of tetrakis(nethylene(3,5-di-t-butyl-4-
hydr oxycynnamat e) ] met hane ("Irganox 1010", trade
Geigy) and 0.1 % by weight of calciumstearate, followed by nelt kneadi ng
in‘a nonoaxial or biaxial extruder equipped with a vent. At that tine,
water was (1) added after prem xed wth_4e feedstocks, (2) added after

nane; product of C ba

the nelt

‘results are shown in Tables 1 and 2.
have the foll owi ng nmeggipyigs.1 Particle dianeter
within a range: within a range of the particle

abbrevi ati ons
di stri bution:

di aneter distribution as prescribed in claiml
Qutside a range 1. outside a range of the particle
di anmet er distribution as prescribed in
claiml and a content of tHe Ex. 1 Ex. 2 Ex. 3 arfx.cées| haw.ng 4
particl e |[Preparation of raw di areter |l eps than 0] 18 mMm
exceeds JIMatgpiplnei ght .
* 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)
- Particle diameter within a | within a | within a | within a | within a
distribution range range range range range
Stabilization step
* Extruder monoaxial | Monoaxial| biaxial biaxial biaxial
Amount of water
added (%) 2 2 2 2 2
- Addition Method |3injection |premixing|injection premixing | injection
Extrudability A A A A A
Evaluation (after
extrusion)
Amount of 0.41 0.49 0.40 0.45 0.50
unstable
terminals (%)
* Amount of
formaldehyde 65 78 63 70 80
extracted (ppm)

pl astication of the feedstocks and (3) not added.

In the tabl es descri bed bel ow,

The




outside a range of the
distribution as prescribed in
particles having a
di aneter of at Ieast 1.00 nm
Met hod of Additi on: I nj ection: addi tion of
- afteggthe nelt plastication of the

- 34- Qut si de a range  2:
particle dianeter

claim1l and a content of the
particle

exceeds 20 % by wei ght.
water to an extruder

f eedst ocks

additi on of water

mxed with the raw materi al

Prem xi ng:

Ki nd of Catal yst:

after th

e water is

BF3: boron trifluoride

HPA: phosphonol ybdi ¢ aci d Table 2
-35- . :
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 added 20 20 20 20 20
(ppm)

. particle diameter | Within a |outside a|outside a| within a | within a
distribution 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

. Extrudability A ¢ A A B

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 tybe




Table 1 Ex. 1 Ex. 2 Ex. 3 Ex. 4

Ex® 5 Preparation of raw material *Addition of "lrganox 1010" yes
yes yes yes Yes *Kind of catalyst BF3 BF3
BF3 BF3 HPA Anount added 20 20 . 20
20 : 5 (ppm * Particle dianmeter within a wthin a
within a withina wthin a di stributign range . range

range range range Stabilization step * Extruder

nonoaxi al Monoaxi al ~ bi axi al bi axi al bi axi al Anmount of water
added (9% continuoug@ polymer®zer was cdntinuously fed with *
Addi ti on Met hod I njection premxing injection prem-xing injection *

Extrudabi | ityioxane added with 2.5 % by #eight (baéed on alﬂ
Eval uation (after extrusion) * Anount of 41 49

0. 40 OtHée monométEQ oﬂ”@ﬁ@bhﬁoxéfﬁﬂbn@ﬁ%(pglyméggwgilggg
f or mal dehyde 0

$§L{2céed Gﬂﬂﬁ)effected in the presence of 20 ppm of boroRe”
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 ;ontaining-o.zs ¥ by weight of
triethylémine, followed by cooling, whereby a POM
copolymer was precipitafed. The resulting
precipitate was subjected to solQent removal énd
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 retention time 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



Conp. Ex. Conp. Ex. Conmp. Ex. Conp. Ex. Conp. Ex. 1 2

3. 4 5 Preparation of raw material * Addition

no yes yes yes Yes of "lrganox 1010"

BF3 . BF3 BF3 BF3 .BF3 * Kind of catalyst Anmount
added 20 20 20 . 20 20 (ppm
* Particle dianmeter within a outside aggutside a within a within a

di stribution range range 1. range 2 range range
Stabilization step * Extruder Monoaxi al nmonoaxi al nonoaxi a

nonoaxi al pRMFAkehl ‘orA\NBLAkiefll Vet €fuder equipped wfth a vend.
5.5 added (%9 * Addition Method I njection prem xing

injection at that t1MJUeG£tQ& was (1) added after premixed A
C A Extrudabi lity Eval uation (after

EXtrUS'On)w1tﬁv@ﬂgtf§édfto?&f,*€5§9addeq(5§9er thé’ﬂgltl 0.61

0.83 unst abl e termn 96

égrzrpar ati véiéxsu'? léqlf&gnﬁ%‘gr re%%% ?%L e%! g@aﬁﬁ%{a@mr Eetegs?bcké

(POM pgggf{eygggehamg SDSLERLE L BB o Tabies 3 BagPEraRI e, 2

In the tables described below, abbreviations
have fhe 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 %



-37- "continuous polynerizer was continuously fed with trioxane added with
2.5 % by weight (based on all the nononers) of 1, 3-dioxol ane and

pol ynmeri zation was effected in the presence of 20 ppm of boron
trifluoride as a catalyst. The crude POM copol ymer discharged fromthe
outlet at the end of the polynerizer was dissol ved under heating at
180[err]C in a nethanol solution contai&g9g 0.25 % by wei ght of
triethylamne, followed by cooling, whereby a POM copol yner was
precipitated. The resulting precipitate was subjected to solvent renoval
and drying, followed by dry pul veriggatg@ngnwher eby a powdery POV

copol ynmer having a predetermned particle dianeter distribution was

obt ai ned. Thethad®wust aldtiltersmstabl e term nal groups of the raw nateri al
POM copol ynmer was controlled by changing the retention tinme in a nethanol

solution at 18@efddionlSdiitzah Y¥ T@&&E%‘j@\/\%i %ﬂt escftrJ&Srp%%eéfl POM

copol ymer so obtained was mxed wth O

t etraki s[ met hyl ene( 3, 5-di - t - é% A e t hane ("I rganox
1010", trade nane; produc?ﬂ§¥ %%%g éﬁ?%y géﬁﬁ &.Tngébﬁhﬁiight of cal cium
stearate, followed by neltégg%gmggkgn a

Premixing: addition of water after the water is

premixed with the raw material



-38-

the nelt

nonoaxi al
wat er was (1) added after

or bi axi al

results are shown in Tables 3 and 4.
have the foll ow ng nmeani ngs.
Wi thin a range: wthind4g-range of the particle

abbrevi ati ons
di stri bution:
di aneter distr

i bution as

outside a range 1: outside a range of the

di anet er

di stribution

content of particles having a
0.18 nmm exceeds 30 % by

t han

wei ght .
particle diange
claiml and a

out side a range 2:

ext ruder equipped with a vent.
prem xed wth the feedstocks,
plastication of the feedstocks and (3) not added.

Particle di aneter

prescribed in claiml :
particle

At that tinme,
(2) added after

The

.In the tabl es descri bed bel ow,

Table 3 as prescribed in claiml and a

particle dianeter

outside a range of the

| ess

ad i n

tefgistri bt ion
Exanfent| of EKne? part i ch¥g 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 0.31 0.20
terminals (%) '
. Amount of 63 75 50
formaldehyde

extracted (ppm)




having a particle dianeter of
exceeds 20 % _

by weight. Method of addition:
extruder after
f eedst ocks

I nj ection:

at

-30-
addition of water to an

the nmelt plastication of the
Prem xi ng: addition of water after the water is

| east 1.00 mm

prem xed with the raw nateri al -41- -
Table 3 Ex. 6 Ex. 7 Ex. 8
Preparation of raw material * Amount of unstable 0. 45 0. 45
0.45 termnals (% 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 (%)
- Particle 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 . . s s s
- injection | injection | injection
1 Extrudability A c A A
Evaluation (after
extrusion)
* Amount of unstable 0.38 0.35 0.50 0.61
terminals (%)
- Amount of 110 76 110 300
formaldehyde
extracted (ppm)




* Pafticle dianeter within a within a within a di stribution

range range range Stabilization step * Extruder

nonoaxi al nonoaxi al bi axial * Anpunt of water 2 2
2 . added (%9 * Addition Method i nj ection prem Xxi ng i njection *
Extrudability A A A Evaluation (after .
extrusion) * Amount of unstable 0. 2542- 0.31 020
termnals (% * Anount of 63 75

{or mal denyde  extracted (pp) "
Tabl e 4 ' &InpIMBx. Conp. Ex. - LEX + EX.
6 7 8 9 Preparation of raw material *Anmount of
unst abl e 0. 45 0. 44 0. 46 0.70 termnals (% *
Particle dianeter wthin a outside a outside a within a distribution

range range 1 Jlrangd Brocesmgfost guidduaingn stepabilidedder
nonoaxi al nonoaxi al nonoaxi al nmonoaxial * Anbunt of water -
2 Zopolyoxynethylene 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 0.001 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), aﬂd 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



added (% *Addition Method - injection

I nfection injection * Extrudability ' A A
A Evaluation (after extrusion) * Amount of unstable 0.38 0 ?5
0.50 0.61 termnals (%9 * Anmount of

110 300 fornal dehyde extracted (ppm lll‘!ﬂ ’W“j“lm l!!]
-42- CLAI M5 -43- 1. A cing a

stabilized copolyoxynethylene by stabilizing a copolyoxynethylene havi-ng
unstable termnals, characterized by (A) using as the

copol yoxynet hyl ene hawiger thsnall.® temnofalds tocapd yorer weldigh thed by ,
adding a sterically hindered phenol to a nononer m xture in. an anount of
0.001 to 2.0% by weight bmsedntend lof npaateaicle pohateingi agd dntet @goNer
m xture, ‘pulverizing the crude pol yoxynethylene resulting fromthe

pol ymeri zation-int onatpamiellbavithgm 0past inth cafdiganki€r 1dirgldr bethhgn
satisfying the followng itens (1) to (4), and deactivating the

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
0.3 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,



pol ymeri zation catal yst contained in the crude polyoxynethylene, and

(B) adding a stabilizer to the copolyoxynethylene as t mat eri al
together with water and degassing the m xtur stat e
vacuum

-43-

content of particles having dianmeters

(1) an average particie trameier of 0.3 tmmmnmmummm

(2) a content of particles having dianeters

| arger than 1.0 mmof 3 ttﬁ‘420%by wei ght ,

not snaller t han O. 18 nn1and

not | arger than. 1.0 mm of 50 to 97% by weight, and (4) a
cont ent of partldeﬁghavﬁn§Qﬂ%m%¥eP§ particlegmdha¥inhAiomesansof 0 to
30% by wei ght (provided that the sumis 100% by wei ght).

2. A process for pratgengtihan abi Pi mad o€opoltypox3Pet Byl afrl ghtst abi i zi ng
a copol yoxynet hyl ene having unstable terminals, characterized by

(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



(A Gsing as the copol yoxymnet hyl ene having unstable termnal s a pomdered

copolynmer containing 0.3 to 0.8% by wei ght of unstabl based

on the copolyner). and having a particle diameter distrihution satlsfyln
the following items (1) to (4), and (B) addi !ﬂu ﬂ,"”fmu“" t he
copol yoxymet hyl ene as the raw materials together wt] ﬁ
the mixture in a nolten state in a vacutidr (1) an average aftlcle
di anmeter of 0.3 to 0.7 mm -44-
(2) a con articl £ havin net e I r than 1.0 nm of
3to 2@%b§ﬁ%§gﬁp dsgol YQﬁﬁm QEXEF éﬁeﬁéﬁq%ﬁﬁsﬁéQAQQ di ameters

not snallern @ bg 18 nn1 nd not | arger than 1.0 mmof 50 to 97% by
wei ght , andtista B@ﬁt%ﬂt of particles having dianeters

smal l er than 0.18 nn1of 0 to 30% by wei ght . (provided that the sum
I's 100% by wei ght). 3. The process for producing a stabilized

6. The process for producing a stabilized
copolyoxymethylene as claimed in Claim 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.



copol yoxynet hyl ene as clainmed in Caim1 or 2, wherein the water is

prem xed with the copol yoxynethyl ene feedstocks having unstable

term nal s. 4. The process for producing a stabilized

copol yoxynet hyl ene as clained in.Claiml or 2, wherein the water is added
affter the copol yoxynethyl ene feedstocks having unstable termnals-is nelt

pl asti cat ed. 5. The process for producing a stabilized

copol yoxynet hyl ene as clained in any of Clains 1 to 3, mhereln t he water
and the stabilizer are prem xed 45 with
t he copol yoxynet hyl ene feedstocks hayi ble term nals. 6.
The process for producing a stabilizégﬁgggggﬁ oxynet hyl.ene as clained in

Claiml, 2 or 4, wherein_the s t he
copol yoxynet hyl ene feedst%@@@éﬁﬁ ’E-IYL &EW and the water is
added after the ENE COPOLYMER

To egonomically produce an oxymethylene
copolymér‘having an excellent thermal stability. A
stabilized copolyoxymethylene is obtained from a |
copélyoxymethylene having unstable terminals by
using as the copolyoxymethylene having unstable
terminéls a copolymer obtained by adding a
sterically hindé:ed phenol to a monomer mixture in
an amount of 0.001 to 2.0% by weight.based on ail_
monomers, polymerizing the monomer mixture,
pﬁlverizing the resulting crude polyoxymethylene
into a powder havwving a'épecific particle diaméﬁer
distribution, and deactivating the polymerization
cataly#t'contained therein, and adding a stabilizer
to‘the copolyoxymethylene as the raw material
together with water and degassing the mixture in a
molten state in a vacuum to stabilize the raw

material.



copol ypxymet hyl ene raw material having unstable terminals is melt q”3ﬁkﬂ I8

pl ast i‘cat ed. 7. The process for producing a stabilized

copolyoxynethylene as claimed in daim1, 2 or 4, wherein the water and

the stabilizer are added after t he copol yoxynet hyl ene feedst, -having..

unst’abl e L ctermnals-is nmelt plasticated. E '}
'DESCRIPTION

PROCESS FOR PRODUCING STABILIZED

OXYMETHYLENE COPOLYMER
BACKGROUND OF THE INVENTION

. Field of the Invention:
The present invention relates to an
-Vecqnomical proéeSs for producing an oxymethylene

copolymer having an excellent thermal stability.

‘Desqripfion of the Relﬁted Ar£;

Sihce a pbljoxjmethylene copolymer (which may
,hgreinaffer.ﬁe abb:eviated as ‘POM'Copolymer") has
excellent'mechaniqal properties, heat resistande;
chemical resistance, electrical properties and
Sliding proﬁérties'and at the same time has
excellent moldability or formability, it is used as
an-engineering plastic fdr a wide variety of
applicéfions such as machine parts, automobile_parts'
or electrical-electronic parts... _ _

It is known that a stabiiiéed*PaMféobeYmér%

provided for practical use is generally produced in



