PROCESS FOR PRODUCI NG POLYACETAL coraL W/ER(BARARAND XF THE | NVENTI ON
Field of the Invention: This invention relates to a process for the

production of a pol yacetal copolyner. J@&L%?cularly, this invention
relates to a process for economcally proﬂ a pol yacetal copolyner
excelling in such qualities as thermal stability by a sinple procedure of
copol ynerizing trioxane as a main nononer and a conononer copol yneri zabl e
therewith in the presence of a specific nonvolatile protonic acid catal yst
as a polynmerization catal yst thereby enabling unaltered nonomers occurring
in the latter stage or the final stage of the polynerization to izﬁ(

efficiently and econgii@ad W ﬁwc{]thrbnr Idg% £ TyA}prd%L%Rsys and

recovered for reuse. EESCprtIO As a process t he

production of a polyacetal gRpREXOBLD @ﬁengtlngnggkynerlzat|on usi ng
trioxane as a nmain nononmer and a cyclic ether or cyclic formal possessing

adj oi ni ng car lpar1dt oFs the AngenBAsfer has been known. As cationically
active catalysts for use in the polynerizations of this class, Lew s acids,
particul arly hal.og@hiidednoknhavanrelanest itbaai peocess for the
production of a polyacetal copolymer. More
particularly, this invention relates to a process for
economically producing a polyacetal copolymer
excelling in such qualities as thermal stability by a
simple procedure of copolymerizing trioxane as a main
‘monomer and a comonomer copolymerizable therewith in
the presence of a specific nonvolatile protonic acid
catalyst as a polymerization catalyst thereby enabling
unaltered monomers occurring in the latter stage or
the final stage of thé polymerization to be |
efficiently and economically removed from the
polymerization system and recovered for reuse.
Description of the Prior Art:

As a process for the production of a polyacetal
copolymer, the cationic polymerization using trioxane
as a main monomer and a cyclic ether or cyclic formal
possessing adjoining carbon atoms as a comonomer has
been known. As cationically active catalysts for use
in the polymerizations of this class, Lewis acids,
particularly halogenides of boron, tin, titanium,

ghosphorus, and antimony such as, for example, boron



phoéphorus, and antinony such as, for exanple, boron trifluoride, tin
tetrachloride, titaniumtetrachl oride, phosphorus pent a-chl ori de,
phosphorus pentafluoride, bisnmuth pentafluoride, and anti nony
pent af l uori de, and such conpounds as conpl ex conpounds or salts thereof,
protonic acids such as, for exanple, perfluoro-alkyl sulfonic acids and
perchloro acids, esters of the protonic-2eids, particularly esters of
perchl.oro acids with lower aliphatic alcohols such as, for exanple,
perchloro acid-tertiary butyl esters, protonic anhydrides, particularly
m xed anhydride of perchloro acids with |ower aliphatic carboxylic acids
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oron trifluoride with an organi c conpound such as, tor exanpl'é, an ether
i's nost widel yparttdfmeskide, and such compounds as complex compounds
or salts thereof, protonic acids such as, for example,
perfluoro-alkyl sulfonic acids and perchloro acids,
esters of the protonic acids, particularly esters of
perchloro acids with lower aliphatic alcohols such as,
for example, perchloro acid-tertiary butyl esters,
protonic anhyarides, particulgrly mixed anhydride of_
perchloro acids with lower aliphatic carboxylic acids
such as, for example, acetyl perchlorate, or trimethyl
oxonium hexafluoro-phosphate, triphenyl-
methylhexafiuoroarsenate. acetyl tetrafluoroborate,
acetyl hexafluorophosphate, and acetyl
hexafluoroarsenate have been proposed.
Among other catalytically active catalysts
mentioned above, boron trifluoride or a coordination
compound of boron trifluoride with an organic compound
such as, for example, an ether is most widely utilized
on a commercial scale as the catalyst for the
polymerization having trioxane as a main monomer.
No matter which catalyst may be adopted, the rate
of polymerization decreases so sﬁddenly in the latter

stage of polymerization as to render it extremely
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on a commercial scale as the catalyst for the polynerization having

tri oxane as a main nononer. No matter which catal yst nay be adopted, the
rate of polynerization decreases so suddenly in the |latter stage of

pol ynmeri zation as to render it extrenely -3- difficult to obtain quickly
a yield of polynerization approximting closely to 100% The pol yneri zation
consunes a very long tine and, therefore3-proves inefficient. In the latter
stage of polynerization, the catal yst rather predomi nantly nanifests an
action of pronoting the deconposition of the formed polyner and results in
not.only decreasing the nol ecul ar wei ght but also degrading such qualities

as thermal stability. Wien the anount of the p | Z t|on catal st is
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' inefficient. 1In the latter stage of polymerization,
the catalyst rather predominantly manifests an action
of promoting the decomposition of the formed polymer
and results in not.only decreasing the molecular
weight but also degrading such qualities as thermal
stability. When the amount of the polymerization
catalyst 1s increased, the overall rate of
polymerization is indeed exalted. This increase,
however, does not necessarily prove a proper measure
for the overall process of polyme;ization because the
catalyst in.the increased amount further aggravates
the degradation of the quality of the produced crude
polymer and calls for a complicated stabilizing
treatment in the latter stage.

The production of a polyacetal copolymer,

therefore, has heretofore resorted generally to a
method which comprises stopping the polymerization at
a stage of relatively low conversion by adding to the
polymerization system a solution containing an agent
for inactivating the catalyst, washing the unaltered

monomer remaining in the polymerization system,

fecovering the monomer in a refined form, and putting



polynmer and calls for a conplicated stabilizing treatnent in the latter
‘stage. The production of a polyacetal copolyner, therefore, has heretofore
resorted generally to a nmethod which conprises stopping the pol ynerization
at a stage of relatively |ow conversion by adding to the polymerization.
system a sol ution containing an agent for inactivating the catalyst,
washi ng the unaltered nononer remaining4<n the pol ynerizati on system
recovering the nonomer in a refined form and putting t he recovered
nononmer to reuse. Since the unaltered nononer washed in this nethod is
recovered in the formof a solution containing the monomer at a relatively

l'ow concent ragh &Ny EHPe F EYSRoAEBE £0E0 NELESS| T 88 HFc&ISEnOfufa LOMPL A Cat ed
process and consunption of energy for the sake of separation and

purification. mdhenet wasre@VER VLI s tRethb@l 1 £ eckspa0a®rin stipdarshamed, the

unal tered nmononer is conpletely wasted. In any event, the unaltered nononer

turns out to 62 ansetutbonccoutsbminSURRMARMOKSNAIHEAt NVENILAN vely
low concentration, the reuse thereof necessitates use
of a complicated process and consumption of energy for
the sake of separation and purification. When the
recovery of the unaltered monomer is abandoned, the
unaltered monomer is completely wasted. In any event,
the unaltered monomer turns out to be an economic
burden.

SUMMARY OF THE INVENTION
The present inventors, conscious of the true
state of prior art mentioned above, have aimed to
obtain a crﬁde polymer of high quality and ultimately
attain economic production of a polyacetal copolymer |
highly stable even thermally by a simple process and
have particularly aimed to permit economic recovery of
the unaltered monomer fit for reuse by selecting a
polymerization catalyst and ensure ultimate production
of polyacetal polymer which reconciles quality and
economic effect.
In the copolymerization using trioxane as a main

monomer, the latter stage or the terminal stage in
which the conversion exceeds 60%, for examplé,

witnesses such a marked decrease in the rate of



The present inventors, conscious of the true state of prior art nentioned
-above, have ained to obtain a crude polyner of high quality and ultimately
attain econom c production of a polyacetal copolymer highly stable even
thermally by a sinple process and have particularly ained to permt _
econoni ¢ recovery of the unaltered nononer fit for reuse by sel ecting a
pol yner.i zati on cat-al yst and ensure ulti-®at e production of pol yacet al

pol ymer which reconciles quality and economc effect. In the

copol ynmeri zation using trioxane as a nmain nononer, the latter stage or the
term nal stage in which the conversion exceeds 60% for exanple, wtnesses
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deconposition becones extrenely predom nant relatively and brings about

such qualitatiNetReObeLiPnal stage of polymerization, the reaction
of decomposition becomes extremely predominant
relatively and brings about such qualitative problems
as lowering molecular weight, heavily increasing an
unstable polymer, and necessitating a complicated
stabilizing treatment. The present inventors, with
due respect fo_this fact, have conceived an idea of
vaporizing unaltered trioxane and other monomers
before the reaction of polymerization is completed and
after the conversion has reached a specific level and
separating and recovering them from the polymerization
system and have confirmed through a test that this
method enables the separation and collection of the
vaporized monomers to be implemented economically, the
collected vaporized monomers to be put to reuse either
directly or only through an extremely simpie refihing
treatment, the possible impairmenf of quality of the
polymer by the heavy decomposition in the terminal
stage of polymerization to be precluded, the recovery
and reuse of unaltered monomers to be atfained simply
and economically, and the prospective effects of both
quality and economy to be realized as compared with

the conventional method which resides in washing the
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as |l owering nol ecul ar wei ght, heavily increasing an unstable polyner, and
-necessitating a conplicated stabilizing treatment. The present inventors,
with due respect to this fact, have conceived an idea of vaporizing

unal tered trioxane and ot her nononers before the reaction of polynerization
I's conpleted and after the conversion has reached a specific | evel and
separating and recovering themfromthe@ol ynerizati on system and have
confirned through a test that this method enables the separation and

coll ection of the vaporized nononers to be inplenented economcally, the
col l ected vaporized nononers to be put to reuse either directly or only

through an expbeuRky shibhe C5LL0hTAEheR! TEPLe biBuRRSSEDRCsbIPBRETEN O

quality of th eav eco osition In the termnal stage of

polynerlzatloanhocQ§1@E%shgd%ﬂe agslﬁggeaeﬁxnaaergeyﬁetﬁé ¥92ht sFed
nononer.s to be attained sinply and econom cally, and the prospective

effects of bokBigwabht ¥oaldifEAROEMet RoR6mEea! hEelors conpared with the
conventional method which resides in mashlng t he - 6-
concentrations. :

The present inventors have tested and studied
this concept from various angles to learn that since
the standard boron trifluoride type catalyst
heretofore in popular use is volatile inherently, the

- vapor formed when the unaltered monomers are vaporized
in the terminal stage of polymerization entrains the
catalyst, suffers the unaltered monomers to polymerize
anew in the line for vaporization and collectidn and
quickly clog this line, and consequently disrupts the
vaporization and collection of the unaltered monomers.
They have further continued various studies on this
problem and consequently have beeh ascertained that
the use of a specific nonvolatile catalyst of special
choice enables the unaltered monomers to be smoothly
vaporized and collected by preventing the vaporized
monomers from entraining the catalyst during the
course of wvaporization and collection and further that
this catalyst is characterized by possessing an
ability to ihhibit the formation of a formate group (-
OCH=0) which constitutes itself an unstable terminal

6f the formed polymer. They have perfected this



polynerlzatlon systemw th a large anount of a solvent and collecting the
unal tered nononers in the formof a solution containing the nonomers at | ow
concentrations. The present inventors have tested and studied this concept
fromvarious angles to learn that since the standard boron trifluoride type
catal yst heretofore in popular use is volatile inherently, the vapor forned
when the unal tered nononers are vaporizddin the term nal stage of

pol ymeri zation entrains the catal yst, suffers the unaltered nononers to

pol ynmerize anew in the line for vaporization and collection and quickly
clog this line, and consequently disrupts the vaporization and coll ection
of the unaltergd JANQIELS alHe%Agve further continued various studies on
this problen1an consequenf]y Rave ‘been ascertained that the use of a

speci fic nonvol at i lsg (&atralougt yof tm%ca%kre%ftqloﬁe onRlkes bhaethalt ered
nonomers to be snoothly vaporized and collected by preventing the vaporized

nononer s fromfeyi reNipiddilee ioat dify st pdliyake tahe copwlyme?! byardel zation and
collection and further that this catalyst is characterized by possessing an

ability to inhidpdlymee ifzartten of afridxhoemaise agmaip @onotEeOrndhiach

constitutes itself an unstable term nal
cyclic ether or cyclic formal possessing at least one
carbon-carbon bond as a comonomer, characterized by
using an nonvolatile protonic acid catalyst as a
polymerization catalyst thereby polymerizing the
monomers until a ponversion of at least 60% (based on
the total amount of monomers) and subsequently |
vaporizing the unaltered monomers and separating and
recovering the vaporized monomers from the
polymerization system thereby enabling the amount of
residual mdnomers in the polymerizafion system to-fall
‘below 5% by weight based on the amount of the polymer.

The invention, in other words, is directed to a

process for producing a poiyacetal copolymer,
comprisihg the steps of copolymerizing trioxane as the
main monomer with a cyclic ether or a cyclic formal,
as a comonomer, each having at least one carbon-carbon
bond, using a non-volatile protonic acid catalyst as a
polymerization catalyst to reach a polymerization
degree of at least 60%,'based on all monomers, and

then vaporizing unreacted monomers to separate, remove

and recover them from the polymerization system to



of the fornmed polyner. They have perfected this invention as a result.
Specifically, this invention concerns a nethod for the production of a

pol yacetal copol ymer by the copol ynerization of trioxane as a mai n nonomer
and a cyclic ether or cyclic formal possessing at | east one carbon-carbon
bond as a conononer, characterized by using an nonvolatile protonic acid
catal yst as a pol ynerization catal yst th8r-eby pol ynerizing the nononers
until a conversion of at |east 60% (based on the total anount of nononers)
and subsequently vaporizing the unaltered nononers and separating and
recovering the vaporized nononers fromthe polynerization systemthereby

bli th f i I | i ti t t
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copol ynmer, conprising the steps of copolynerizin rroxane as € main

mononer with acgyghkCp8iPgeror a cyclic formal, as a comononer, each having
at | east one carbon-carbon

DETAILED DESCRIPTION OF THE INVENTION

Now, this invention will be described in detail
below.

As is clear from the description given above, the
method of this invention for the copolymerization of
trioxane is primarily characterized by using an
nonvolatile protonic acid catalyst. The nonvolatile
protonic acids which are advantageously used in this
invention include heteropoly acid or acidic salts
thereof and isopoly acid or basic salts thereof, for
example. |

The term "heteropoly acid” as used herein refers
generally to such poly acids as are formed by the
dehydration condensation of oxygen acids of different
species. The heteropoly acid possesses a uninuclear
or multinuclear complex ion which has a specific
hetero element at the center thereof and allows
condensing acid groups to be condensed by sharing an
OXygen atom. The heteronuclear condensate acids of
this class can be generally represented by the general
formula (1).

Hy[M,- M’ 02 ] yH,0 cee (1)



bond, using a non-volatile protonic acid catal yst as a polynerization
catalyst to reach a polynerization degree of at |east 60, based on al
nononers, and then vapori zing unreacted nononers to separate, renove and
recover themfromthe polynerization systemto -8- thereby reduce the
remai ni ng nononer content of the polynerization systemto 5% by wei ght or

| ower based on the.pol yner. DETAI LED DESERI PTI ON OF THE | NVENTI ON Now, this
invention will be described in detail below As is clear fromthe
description given above, the nmethod of this invention for the

copol yneri zation of trioxane is primarily characterized by using an

nonvol atil e prﬁ‘@%‘}i'%jsag‘j‘ ?ﬁé:qa%%aslé/r}s%% Thcee [ \ioleai[(]é'ed%t{)rf%tr .dc oafci ds which
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coordination element selected from among W, Mo, and V,
¢ is 10 to 100, m is 1 to 10,.n is 6 to 40, X is an
integer of at least 1, and y is 0 to 50].

The heteropoly acid which is particularly
effective as a polymerization catalyst for this
invention has a composition of the foregoing formula
(1) such that the central element (M) is formed of at
least one element selected between P and Si and the
coordinate element (M') is formed of at least one
elgment selected from among W, Mo, and V (particularly
preferably between W and Mo).

Further, the acid salt of a composition of the
formula (1) such that the hydrogen atoms, H;, are
partly substituted by a varying metal element can be
used as a catalyst for this invention.

As concrete examples of the heteropoly acid of
this description, phosphomolybric acid,
phosphotungstic acid, phosphomolybdotungstic acid,’
phosphomolybdovanadic acid, phospho¥
molybdotungstovanadic acid, phosphotugstovanadic acid,
silico-tungstic acid, silicomolybdic acid,
silicomolybdotungstic acid, and

silicomolybdotungstovanadic acid may be cited. Among

o



generally to such poly acids as are forned by the dehydrati on condensati on
of oxygen acids of different species. The heteropoly acid possesses a

uni nucl ear or nultinuclear conplex ion which has a specific hetero el ement
at the center thereof and allows condensing acid groups to be condensed by
sharing an oxygen atom The heteronucl ear condensate acids of this class
can be generally represented by the genetted fornula (1). [ wherein M
represents a central elenent formed of either or both of Pand Si, M
represents at |east one coordination el enment selected fromanong W M, and
V, [err] is 10 to 100, mis 1 to IlOnis 6 to 40, x is an integer of at

I 1, d s 0 501. The_h L g whj ' pcul arl
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(particularly
The heteropoly acids are generally known in such forms
as «y type, By type, and By type. In terms of
polymerization activity, the e, type and the By type
prove favorable and the «; type proves particularly
favorable. _

The isopoly acid for the nonvolatile protonic
acid catalyst of this invention is otherwise referred
to as an isopoly acid, a homonuclear condensate acid,
or a homomultiple acid. It is a high molecular
inorganic oxygen acid which is formed of the
éondensate of an inorganic oxygen acid possessing one
pentavalent or hexavalent metal element as represented
by the following general formula (2) or (3).

xML,0- pMYy05- yH,0 (2)

xML,0- pM¥04- yH0 (3)
{wherein mi represents a hydrogen atom, MY represents
V, Nb, or Ta, each belonging to Group V in the
periodic table of the elements, M represents Cr, Mo,
W, or U, each belonging to Group VI in the periodic
table of the elements, p represents an integer of 1 or
over, X represents an integer of 1 or over, and y

fepresents a numeral of 0 to 50].
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preferably between Wand Mb). Further, the acid salt of a conposition of
the formula (1) such that the hydrogen atons, H., are partly substituted by
a varying netal elenment can be used as a catalyst for this invention. As
concrete exanples of the heteropoly acid of this description,
phosphonol ybric acid, phosphotungstic acid, phosphonol ybdotungstic acid,
phosphonol ybdovanadi ¢ aci d, phospho- nol ypdot ungst ovanadi c aci d,
phosphot ugst ovanadi ¢ acid, silico-tungstic acid, siliconolybdic acid,
si | i conol ybdot ungstic acid, .and siliconol ybdot ungst ovanadi c acid may be
cited. Anong - 10 - other heteropoly acids cited above, siliconolybdic
acid, silicotungstic acid, phosphonolybdic acid, and ghosPhotyngstic aci d
prove particul arly BH9ahsapeblisacitiel et PHPEPYLGcReLd aFRIGRNEF al Iy known
in such forns as [err] O type, [err]ll t%pe, an [err*lv type. In terns of
pol yneri zat i onPEEPRYPEYDYt #RY [ F rTRr 1918 BRNPHE FRF ]?§Pt€$% prove
favorabl e and gggmLfét]g éggﬁogrggfghpgééﬁgyggél¥reating the

solution of an isopoly acid 'salt corresponding to the

formula (2) or (3) mentioned above such as, for

example, an isopolymolybdate, an isopolytungstate, or

isopolyvanadate, with an ion-exchange resin and a

method which comprises concentrating the solution,

adding a mineral acid to the concentrated solution,

and subjecting the resultant mixture to ether

extraction. The acid salt of a form which results

from partial substitution of the protons (MI: hydrogen)

by a varying metal element can be also used as the

catalyst of this invention. Particularly, an isopdly

acid 6f the formula (3) or an acid salt thereof proves

favorable.

As concrete examples of this isopoly acid,

isopoly tungstic acids like paratungstic acid and

metatungstic acid, isopoly molybdic acids like

paramolybdic acid and metamolybdic acid, and metapoly

vanadic acid and isopoly vanadic acid may be cited.

Among other isopoly acids, isopoly tungstic acid

proves particularly favorable.

Preferably, for the purpose of enabling the

feaction to proceed uniformly, the nonvolatile

L4



favorable. The isopoly acid for the nonvolatile protonic acid catal yst of
-this invention is otherwise referred to as an isopoly acid, a hononucl ear
condensate acid, or a honmormultiple acid. It is a high nolecular inorganic
oxygen acid which is forned of the condensate of an inorganic oxygen acid
possessi ng one pentaval ent or hexaval ent netal el enent as represented by
the follow ng general formula (2) or (312-(2) (3) [wherein Merr]
represents a hydrogen atom M represents V, Nb, or Ta, each belonging to
Goup Vin the periodic table of the elenents, MWI represents C, M, W or
U, each belonging to Goup VI in the periodic table of the elenents, p
represents an_in an 1nte§ of 1 or over,

s cooRrBtRATE Bbift BheBYPhe fohtROseRTinell 186068 £2 1 ol otomt &
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met hod whi ch conprises treat
adverse effect on the polymerization and then added to

the monomers. As the diluent, ethers (such as, for
example, n-butyl ether) which are inert organic
solvents cépable of dissolving the protonic acid
catalyst mentioned above can be used. The diluent
does not need to be limited to these ethers. Linear
acetals (such as, for example, methylal) which are
ﬁsable as the chain transfer agent for the adjustment
of molecular weight as described specifically
hereinafter and alcohols (such as, for example,
methanol) can be also usable as the diluent. The
diluent can be used without causing any noticeable
trouble beqause it is effectively used in an extremely
small amount based on the amount of the monomers. It
can be added in conjunction with the comonomer to the
polymerization system as dissolved in advance in part
or the whole of the comonomer as will be described
specifically herein below. Though this measure proves
favorable in respect that the otherwise inevitable
inclusion of other solvent is absent, it is
advantageous to cool thoroughly the comonomer
containing the dilutent and preventing it from being

Qomopolymerized before it 1is added to and mixed in the



solution of an isopoly acid salt corresponding to the formula (2) or (3)
nmenti oned above such as, for exanple, an isopol ynol ybdate, an

i sopol ytungstate, or isopolyvanadate, with an jon-exchange resin and a

met hod whi ch conprises concentrating the solution, adding a mneral acid to
the concentrated sol ution, and subjecti f%I:he resultant m xture to ether
extraction. The acrd salt of a formwhitWrtesults frompartial substitution
of the protons (Merr]: hydrogen) by a varying netal elenent can be al so
used as the catalyst of this invention. Particularly, an isopoly acid of
the formula (3) or an acid salt thereof proves favorable. As concrete
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may be cited. Anpng other isopoly acids, isopoly tungstic aclid proves
particularly fﬁéﬁﬁéﬂ&ﬁhré*fﬁﬁﬂiﬂﬂﬂmmédyaﬁér% perReEe tie @RARLIRY the

reaction to proceed unifornmy, the nonvolatile
the polymerization system.

Since the protonic acid catalyst described above
possesses an extremely high .polymerizing activity, it
manifests the expected effect in an extremely small
amount. This amount is generally in the range of
0.1 - 50 ppm, preferably 0.5 - 20 ppm, and
particularly preferably 0.5 - 10 ppm, based on the
total amount of the monomers to be polymerized.

This invention carries out the polymerization of
the monomers by the use of the nonvolatile protonic
acid catalyét mentioned above until the conversion:
reaches a level of not less than 60% of the total
amount of the monomers supplied.

As the main monomer for the polymerization, this
invention uses trioxane which is a cyclic trimer of
formaldehyde.

The comonomer to be used in this invention is a
cyclic ether or cyclic formal which possesses at least
one carbon-carbon bond. It may be any of the known
comonomers which have been heretofore used for the
copolymerization with trioxane.

As concrete examples of the cyclic ether or



-12- protonic acid catalyst nmentioned above is used as diluted with a

sol vent i ncapable of exerting any adverse effect on the polynerization and
then added to the nmononers. As the diluent, ethers (such as, for exanple,
n-butyl ether) which are inert organic solvents capable of dissolving the
protonic acid catal yst nentioned above can be used. The diluent does not
need to be limted-to these ethers. Linen-acetals (such as, for exanple,
nmet hylal) which are usable as the chain transfer agent for the adjustnent
of nol ecul ar wei ght as described specifically hereinafter and al cohols
(such as, for exanple, nethanol) can be also usable as the .diluent. The

di l uent can be_used

'thou causin n notlceab e troubl e because it is
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cyclic formal which possesses an unsaturated-bond
éroup is also usable. As the comonomer for enabling
the copolymer to fbrmla branched'or-cross-lihked
moléchlar structure, such.cqmpbunds as, for example, =
alkylene-diglycidyl ether§ or"difofmalsllike butane
diol diglycidyl ether and butane diol dimethylidene
glyceryl ether which possess two or more cyclic ether -
groups or cyclic formal groups which possess two or
more cyclic ether groups or cyclic formal groups can
be used. It is permissible to use two or more such
comonomers in thé form of a mixture, depending on the
purpose of the copolymerization.

As concrete examples of the comonomer which is
used particularly advantageous herein, such cyclic
ethers or cyclic formals as 1,3-dioxolan, diethylene
glycol formal, 1,4-butane diol formal, and ethylene
oxide may be cited.

The amount of the comonomer to be used in this
invention is in the range of 0.1 - 20 mol%, preferably

0.2 - 10 mol%, based on the amount of trioxane. If

the amount of the comonomer is unduly small, the

e



advant ageous to cool thoroughly the cononomer containing the dilutent and
.preventing it from bei ng honopol ynerized before it is added to and m xed in
t he -13- polynerization systemas by keeping it at the | owest allowable
tenperature, i.e. at |east below normal roomtenperature, until inmediately
before the addition to the pol ynerization system Since the protonic acid
cat al yst descri bed. above possesses an extsenely hi gh-polynerizing activity,
it mani fests the expected effect in an extrenely snmall anmount. This anount
is generally in the range of 0.1 - 50 ppm preferably 0.5 - 20 ppm and
particularly preferably 0.5 - 10 ppm based on the total anDunt of the
nononers to be pol¥ger|zed This invention carries out the Xnerization
of the monomeM3SHy lﬁetﬁ§@iéﬁ1tﬁérﬁoﬁééﬂaﬂppéeﬁFStBﬁpct§§|Htéa AL YEL

menti oned above % t he ver sion reaches vel of n | ess than 60%
of the total & oFe§ﬁ3%ﬁanon§P§v§556ﬁyedi%A§ﬁﬂﬁeaﬁﬁPﬂ%nﬁﬁoner for the
polynerlzatloghdhay large, the formed copolymer will gain in
softness and suffer a decrease of melting point. Part
or the whole of the comonomer may be concurrently used
as a diluent for the protonic acid catalyst as
described above.

The method of polymerization according to this
invention allows the polymerization.system, depending
on the object of production, to incorporate therein
any of the known chain transfer agents such as, for
example, low molecular linear acetals like methylal,
alcohols, and esters for the purpose of adjusting the
polymerization degree. This chain transfer agent may
be used concurrently as the diluent for the protonic
acid catalyst mentioned above. The polymerization
system is preferred to be in a state in which such
impurities as formic acid and water which possess
active hydrogen are substantially absent. The
allowable amounts of these impurities are each not
more than 30 ppm, preferably not more than 20 ppm,'and
particularly preferably not more than 10 ppm.

.The polymerization of this invention can be

carried out by the same apparatus and the same method

és have been heretofore used for the known



I nvention uses trioxane which is a cyclic trinmer of formal dehyde. The
conmononer to be used in this invention is a cyclic ether or cyclic formal
whi ch possesses at | east one carbon-carbon bond. I't may.be any of the known
conononers whi ch have been heretofore used for the copol ynerization wth
trioxane. As concrete exanples of the cyclic ether or -14- cyclic )
formal, such cyclic conmpounds as 1, 3-di oxel an, diethylene glycol formal

1, 4-butane diol formal, 1,3- dioxane, ethylene oxide, propylene oxide, and
epi chl orohydrin nmay be cited. A cyclic ether or cyclic formal which
possesses an unsaturated-bond group is also usable. As the conononer for
enabling the copoliger to forma branched or cropss- IanEd nol ecul ar

structure, sucROBBABBERAZaRsONT B Eﬁéﬂﬁ?%e al Ky 8 nReHhYy y%?%y?eethers or
diformal s |ike butane diol cid et her apd_but ane_di ol hyl i dene
gl yceryl etherbﬁ%FEWIESSQEsgoa&%nB?XﬁD IR Rr%?%ﬂ%s gfﬁ%ycllc
formal groups metﬁhdp ﬁigﬁsusgg ?Equid monomers and, in consequence
of'polymerization,.formg a polymer in the form of
solid granules is generally adopted.
As the polymerization apparatus for this
invention, popular reaction columns adapted to permit
temperature adjustment and provided with a stirrer can
be used for the polymerization performed batchwise and
cokneaders, biaxial screw type continuous extruding
and mixing devices, biaxial paddle type continuous
mixing devices, and éonfinuous polymerizing devices
heretofore proposed for copolymerization of trioxane
can be used for the polymerizatién perfofmed
continuously. Two or more types of polymerizing
devices may be used in a combined form.
Properly, the polymerization temperature is in
the range of 80 - 120°C, preferably in the range of
85 - 110°C.
This invention is characterized by vaporizing the
unaltered monomers remaining in the polymerization
system in the stage in which the velocity of the
polymerization reaction performed by the method
described above decreases the reaction of

decomposition grains in relative predominance and



nore cyclic ether groups or cyclic formal groups can be used. It is

.perm ssible to use two or nore such conononers in the formof a m xture,
dependi ng on the purpose of the copol ynerization. As concrete exanpl es of

t he coronomer” which is used particularly advantageous herein, such cyclic
ethers or cyclic formals as 1, 3-di oxol an, diethyl ene glycol formal,

1, 4-butane diol formal, and ethylene oxijge may be cited. The anount of the
conmononmer to be used in this inventionis in the range of 0.1 - 20 nol %
preferably 0.2 - 10 nol % based on the anpunt of trioxane. |If the anount of
t he comononer is unduly small, the -15- unstable termnal part wll
increase and the stability will be degraded. Conversely, if this amount is
undul y | ar ge, SeRemaddRgd dshaopedd ng [theg¥pROTA 2661 BRBOBCESdTE0Rf er a
decrease of nelting _point. Part or the wh %e of the conon may be
concurrently U P ¥¥qﬁﬁqi£%9nf8?55ﬁ@'pr 8n?8936P3185t8%g§Beas descri bed
above. unaltered monomers by the vaporization mentioned above
is carried out after the conversion of polymerization
has reached a level of at least 60%, preferably a
level in the range of 70 - 90%, and particularly
preferably in the range of 75 - 85%, based on the
total amount of monomers.

If the separation of the unaltered monomers is
performed in a stage in which the conversion is unduly
small, though it produces favorable effects on the
quality of the product, such economic disadvantages as
necessitating an unduly long time for recover and
reducing the yield of the produced polymer will ensue.
If the separation of the unaltered monomers is
performed in a state in which the conversion is unduly
large, though the operation of the separation itself
is accomplished in a short span of time and the yield
of the produced polymer 1is high, the reaction of
decomposition will arise in the subsequent stage to
produce an adverse effect on the quality of the
product.

From this point of view, the present invention

carries out the separation of the unaltered monomers

éppropriately after the conversion of polymerization

LY



The net hod of polynerization according to this invention allows the

pol yneri zati on system depending on the object of production, to

i ncorporate therein any of the known chain transfer agents such as, for
exanpl e, low nolecular linear acetals |like nethylal, alcohols, and esters
for the purpose of adjusting the polynerization degree. This chain transfer
agent may be used concurrently as the dijgient for the protonic acid

catal yst nmentioned above. The pol ynerization systemis preferred to be in a
state in which such inpurities as formc acid and water which possess
active hydrogen are substantially absent. The all owabl e anounts of these

I mpurities are each not nore than 30 ppm preferably not nore than 20 ppm
and particul arpgspretehes|§y Ierehoie tharrameypireahel ¢blahaste zati on of
this invention_can be carried out by the sane apparatus and the sanme net hod
as have been hEREEobeYel usePTRerHe Sbrfted 1nethe RN A itoh of

' . ' be, bajchw se or continuous in the form of
E;ggégge nglssu £h8€en33560t o pg!ymerfzat on.

This invention is characterized, as described
above, by vaporizing the unaitered monomers in the
reaction system and removing the vaporized monomers
therefrom. The monomer mixture of this invention
having trioxane as a main component manifests high
volatility at the polymerization temperature. The
unaltered moﬁomers, therefore, can be vaporized and
removed from the reaction system with unexpected
simplicity in the prescribed stage of polymerization
by subjecting the reaction system to reduced-pressure
aspiration or passing an inert carrier gas such as
Initrogen gas fhrough the reaction system or using
these two measures in combination. This invention
owes the separation of the unaltered monomers by the
vaporization described above to the use of the
nonvolatile protonic acid as the polymerization
catalyst. If such a volatile boron trifluoride type
catalyst'heretoforé in popular use is adopted, since
this catalyst is entrained by the vaporized and
separated monomers, the monomers will polymerize in
the line for vaporization and separation and the
éroduced polymer will clog the line for separation and

Ao



met hod whi ch uses |iquid nononmers and, in consequence of polynerization,
forms a polyner in the formof solid granules is generally adopted. As the
pol ymeri zati on apparatus for this invention, popular reaction colums
adapted to permt tenperature adjustnent and provided with a stirrer can be
used for the polynerization perforned batchw se and cokneaders,' biaxi al
screw type continuous extruding and m xiygg devi ces, biaxial paddle type
continuous m xi ng devi ces, and continuous polynerizing devices heretofore
proposed for copol ynerization of trioxane can be used for the

pol ymeri zation performed continuously. Two or nore types of polynerizing
devices may be used in a combined form Properly, the polynerization

tenperature i sCQHQWélqrhnfdé dre WtenltZO:[ferbrl]l@glﬁ’(gefaé’roé’(ﬂ WUk t he range of
65 - 110[err]C,, This invention js characterized b or|2|n t he unaltered
mononer s r emgi b ?@A‘fq’f’qa}%eﬁ)tﬂilrﬁéﬂri’é’t 15 ﬂg’toé(rj'ﬁ p’r\%"tgi’tp &fe 5 whi ch the
vel ocity of the nerlz |on eactio er f he, et hod .descri bed
above decrease® {) e T Chct it %&rﬁ)on%f oﬂ:rhgﬁdgll %y § iR on

predom nance Eﬁ%hce_the unaltered monomers are separated and

collected in a gasified state without suffering
inclusion of extraneous substances such as a solvent,
they can be collected and directly put to reuse. The
collected monomers at least can be prepared solely by
a very simple refining treatment for reuse. When they
are added to fhe process for refining freshly supplied
trioxane, the energy required for recovering and

| ;efining them can be reduced to a great extent. The
present method, therefore, can attain reéovery and
reuse very economically while avoiding the
disadvantages of complicated recovery and refinement
treatments such as concentration which demand
consumption of huge energy unlike the conventional

- method which separates and collects unaltered monomers
in the form of a solution containing the monomers in a
low concentration by washing.

This invention separates and removes the
unaltered monomers from the polymerization system at
least until the residual content of unaltered monomers
in the polymerization reaches a level of not more than

$% by weight, preferably not more than 3% by weight,



-17 - -separating and renoving the vaporized nononers fromthe

pol yneri zation system The separation of the unaltered nononers by the
vapori zation nentioned above is carried-out after the conversion of

pol yneri zati on has reached a |level of at |east 60% preferably a level in
the range of 70 - 90% and particularly preferably in the range of 75 -
85% based on the total anmpunt of nononegg- |If the separation of the

unal tered nmononers is performed in a stage in which the conversion is
unduly small, though it produces favorable effects on the quality of the
product, such econom c di sadvantages as necessitating an unduly long tine
for recover and reducing the yield of the prod cednggl mer will ensue. |f

the separation@Bfl fHETRARI PEPEBr#RRONRYS TR petheh % eighie | n which
toel T 1o accohPrrdndd Pheasnint ShanoroetHicand THESA LR off fe "
o oduced POLYTREne] BrSinub oabRaRerEef SEERBR LAY BibTE " 11
smallest possible amounts because they are simply set
aside as a waste. An attempt to decrease the amounts
to nil calls for a long'time and rather proves
uneconomical and induces decomposition of the polymer
as well. The reduction of the amounts does not need
té be compelled but may rather be discontinued at a
proper level in the range specified above. The method
of this invention has the advantage of repressing the
decomposition of the polymer because the latent heat
of evaporation owing to the vaporization of the
monomers effectively represses the rise of temperature
due to the accumulation of the -heat of reaction in the
polymer system and even brings about a decrease of
temperature.

The method of this invention is only required to
satisfy the basic requirements for construction
described above and can be worked in various modes.

For example, a method which comprises adopting
such a continuous polymerizing device as mentioned
above, setting for the outlet of the device such

~conditions as allow the conversion to reach a

prescribed level, disposing a mechanism for

e



product. Fromthis point of view, the present invention carries out the
Separation of the unaltered nononers appropriately after the conversion of
pol ymeri zati on -18 - has reached a level in the range specified above.
This level is properly selected in the range so as to suit the object of
pol yneri zation. This invention is characterized, as described above, by
vapori zing the unaltered nononers in the&keaction system and renoving the
vapori-zed nononers therefrom The nonomer m xture of this invention having
tri oxane as a nain conponent manifests high volatility at the

pol yneri zation tenperature. The unaltered nononers, therefore, can be

I zed d d f t he react] t i t ted sinplicit
' the prescri BEEOBPEGRS 697 ot SR St orf Tyt MUbjFord (LTI ottibn syst em

to reduced-preﬁﬁgéghggﬁiégié§whé§r[¥ﬁ;igukfgkjygﬂé ¢§¥§§§ﬂ§#¥i such as

nitrpgen_gas t Nroug e reaction system or using t asures in
combi nati on. Tyéffbﬂﬁfﬁé'ngorization and separation of the

unaltered monomers, a method which comprises using
polymerizing devices at two or more stages, performing
in the polymerizing device of the former stage the
polymerization until the prescribed conversion, then
transferring the reaction system to the polymerizing
device of the latter stage, and continuing the
polymerization further therein and, at the same time,
vaporizing and éeparating the unaltered monomers, and
a method which comprises inactivating the catalyst in
the presence of such a catalyst—inactivating.agent as
will be described specifically herein below and, at
the same time, performing the vaporization and removal
of the unaltered monomers may be available. Other
methods may be adopted as suitable combined.

For the vaporization and the separation of the
unaltered monomers in this invention to be carried out
efficiently, the polymer in which the unaltered
monomers are so treated is preferred to be crushed so
as to form a renewed surface. The polymerizing device
in use, for this purpose, is provided preferably in
the latter part thereof with a mechanism_capable of

¢rushing the polymer particles and forming renewed

=4



owes the separation of the unaltered nononers by the vaporization described
.above to the use of the nonvolatile protonic acid as the polynerization
catalyst. If such a volatile boron trifluoride type catalyst heretofore in
popul ar use is adopted, since this catalyst is entrained by the vaporized
and separated nononers, the nmononers will polynerize in the line for
vapori zation and separation and the pred%eed polynmer will clog the line for
separation and - 19- collection to the extent of bringing about such
di sadvant ages as di srupting snooth progress of the operation. According to
the nethod of this invention, since the unaltered nononers are separated
and collected in_a gasified state, w thout iuffgring I nclusi on of extraneous
b cP8ht

subst ances suSHT3&<ESsOFyE8nReCPABRY SEaf@BBPLE) P aheBPréctly put to
Ceuse e COL LR IR ST ol oRE BT e PhRERL e thel Y bV 2 vy
refining fresly34pRlcigd bk 248 Gnal RErERCHENRMERY! M epLor recovering and
polymerizing device may be otherwise provided with a
mechanism capable of crushing'and stirring the polymer
and operated to effect the vaporization and removal
simultaneously with the crushing and the surface
renewal. From this point of view, the polymer in
which the unaltered monomers are to be treated is
preferred to be so crushed that the polymer particles
having diameters of not more than 3 mm assume a
proportion of not less than 90% of all the polymer
particles in order that the unaltered monomers may be
smoothly vaporized and removed.
The product of the polymerization reaction from
which the vaporized unaltered monomers have been
removed is then made to add a catalyst-inactivating
agent for the purpose of inactivating the catalyst
contained therein. The inactivation of the catalyst
is accomplished by using the inactivating agent in a
small amount by a method described specifically herein
below. The product now containing the inactivated
catalyst does not need to be washed but may be
directly subjected to a heat treatment. Consequently.

a pplyacetal copolymer having high thermal stability

£



refining them can be reduced to a great extent. The present nethod,
therefore, can attain recovery and reuse very econom cally while avoiding
t he di sadvant ages of conplicated recovery and refinenent treatnents such as
concentration whi ch demand consunpti on of huge energy unlike the
conventional nethod which separates and coll ects unaltered nononers in the
formof a solution_containing the nononezss-in a | ow concentration by

washi ng. This invention separates and renoves the unaltered nononers from
t he polynerization systemat |east until the residual content of unaltered
nononers in the polynerization reaches a | evel of not nore than 5% by

wei ght, preferably not nore than 3% by wei ght, -20- and further
preferably notismoktaimed.2% by wei ght, based on the anopunt of the polyner.
Naturally, the final residual nononers are preferred to be in the small est
possi bl e anobunts bédHuse aai@endr £ogi dplag tdma tdgigddhgs catmdyss. An att enpt

to decrease the anmounts to nil calls for a long time and rather proves
contemplated by this invention is implemented by

exposing the product of copolymerization to a basic
gas or by combining the product with a solution
- containing a basic compound-in a small amount (for

example, not more than 7% by weight, preférably not
more than 5% by weight, based on the amount of the
polymer) and ﬁixing them. |

As concrete examples of the basic gas to be
effeétively used in the treatment of inactivation of
this invention, ammonia and/or an amine éompound may
be cited. The amine compound to be used in this case
is preferred to have a low molecular weight and a low
boiling point because it is brought into contact in a
gaseous form with-the formed crude polymer.
Appropriately, the boiling point is not higher than
150°C. To be more specific, the compounds which are
represented by the general formulas, RQHQ'RﬁQNH and
RiRjRsN (wherein R1 Ry,  and Ry independently represent
an ‘alkyl group of not more than 4, preferably nét more
than 2, carbon atoms or an alcohol group) are
preferred examples. An amine compound having a
relatively high boiling point can be used as diluted

With a carrier gas as described specifically herein

L



uneconom cal and i nduces deconposition of the polyner as well. The
-reduction of the anobunts does not need to be conpelled but may rather be

di scontinued at a proper level in the range specified above. The net hod of
this invention has the advantage of repressing the deconposition of the

pol ymer because the latent heat of evaporation owi ng to the vaporization of
the nononers effectively represses the.pjgse of tenperature due to the
accunul ation of the-heat of reaction in the polyner system and even brings
about a decrease of tenperature. The nethod of this invention is only
required to satisfy the basic requirenents for construction descri bed above
and can be worked in various nodes. For exanp a net hod which conpri ses
adopt i ng such b#leghsiondbad Q@IW#ﬁrpflﬁélegﬁﬂc§°a§°ﬁ§ﬁPFohEdaabove setting
for the outlet of the device such conditions as allow the conversion to
reach a prescﬂ@ﬁ@@qsefQFm HilgPodhRg CEUNECRIATLRT T or -21- deconpr essi on,

aspiration, or flo current of _an
P %s concrete examples of the amine compound

answering the description given above, methyl amine,
dimethyl amine, trimethyl amine, ethyl amine, diethyl‘
amine, triethyl amine, butyl amine, dibutyl amine,
tributyl amine and alcohol amines corresponding
thereto (such as, for example, trimethanol amine) may
be cited. Among them, methyl amine, dimeth&l amine,
trimethyl amine are particularly preferred.

The basic gas-mentioned above may be used in its
inherent gaseous form or it may be diluted with a
carrier gas and used in the form of a mixed gas for
contact with the formed polymer. The carrier gas,
though not specifically defined, is preferred to be an
inert gas. Nitrogen gas or other organic gases are
examples.

The method for establishing contact between the
basic gas and the formed crude polymer does not need
to be particularly limited but may be effected by any
of the method which are capable of causing the basic
gas to contact the formed copolymer particles
thoroughly. For example, a metnod which comprises
causing the crude polymer to be thoroughly stifred and

nixed in the atmosphere of the basic gas, a method

24



inert gas at or near the outlet, and consequently perform ng vaporization
and separation of the unaltered nononers, a nethod which conprises using
pol ymeri zi ng devices at two or nore stages, performng in the polynerizing
device of the former stage the polynerization until the prescribed
conversion, then transferring the reaction systemto the polynerizing
device of the latter stage, and continuid®r the pol ynerization further
therein and, at the sanme tinme, vaporizing and separating the unaltered
nmononers, and a nmethod which conprises inactivating the catalyst in the
presence of such a catal yst-inactivating agent as will be described

speci f1cal |y heheth Bebols a0l fly He SATAIIEP. eI AL dhc

vapori‘zation a 0 he unalt ered nononers e ‘aval |l abl e. O her

met hods may be?ﬁgggﬁle?fa@hgu&t@(pé E‘ccfﬁ{@uﬂﬁd,- dra tﬂ&ﬂ@p%{}@;i on and the

separati on of unaltered nononers 1 n is Invention to be carried out

efficiently, t8gnpptyoRrcis ity Cthd Nadinal ey ech nonGIEIS Are so treated is
preferred to be crushed so as to forma renewed surface. The pol yneri zi ng

device in use, c{peul bt snPuidoser HStwiayitind s picnablpartidig Iatter part
thereof with a nechani sm capable of crushing the polyner particles and
form ng renewethe crude polymer bed may be adopted.

The amount of the basic gas to be used in this
invention is required to be sufficient for
inactivating the catalyst by neutralization. It is
preferred to be not less than 10 mols per mol of the
Catalyst in use.

As the dilutent, this invention allows use of a
varying basic compound in the form of a solution_or
dispersion containing the compound only in a small
amount. Thé amount of the basic compound is required
to be sufficient for thoroughly inactivating the
catalyst by neutralization. Preferably, the
inactivating agent is added in the form of an
inactivating agent solution having the inactivating
agent dissolved or dispersed in water or an organic
solvent.

In this case, the amount of the inactivating
agent solution to be added is in the range of 0.3 - 7%
by weight, preferably 0.5 - 5% by weight, based on the
amount of the formed crude polymer. The inactivating

agent solution, notwithstanding the small amount of

o



-22 - surfaces or a mechani sm capable of perform ng a crushing treatnment on
the polyner prior to the vaporization of the unaltered nononmers. The

pol ymeri zi ng device nay be otherw se provided with a nechani sm capabl e of
crushing and stirring the polynmer and operated to effect the vaporization
and renoval sinultaneously with the crushing and the surface renewal. From
this point of view, the polyner in whichgthe unaltered nononers are to be
treated is preferred to be so crushed that the polymer particles having

di aneters of not nore than 3 mm assune a proportion of not |ess than 90% of
all the polyner particles in order that the unaltered nononers may be

snmoot hly vaporized and renoved. The product of the pol ymerization reaction
from whi ch t heagddpbioredbings ek o ast HaRAS st IahRfedEhs t hen made

catal yst cont b AELYRErER Thel§ ERRIN VO O SHD Rited yereh athe 0
acconpl i shed bgrllxjgien oist]n?eri' né:ir? iivsat(i:on sea eeantlij;] efinabled to take
advantage of the properties of the polymerization
catalyst being used.

The inactivating agent-to be effectively used in
this method may be any of the known basic substances.
As concrete examples of the inactivating agent,
ammonia, various amine compounds, or oxides,
hydroxides, organic acid salts, or inorganic acid
salts of alkali or alkaline earth metéls, and -
trivalent phosphorus compounds may be cited. These
inactivating agents may be used advantageously either
singly or in the form of a mixture of two or more
ﬁembers.

The amine compounds which are effectively usable
herein include primary, secondary, and tertiary
aliphatic émines andlafomatic amines such as, for
example, methyl amine, dimethyl amine, trimethyl
amine, ethyl amine, diethyl amine, triethyl amine,
butyl amine, dibutyl amine, ahd tributyl amine, and
alcohol amines corresponding thereto (such as, for
example, triethanol amine), and éhiline, diphenyl
amine, heterocyclic amine, and hindered amines (such

és, for example, piperidine derivatives), for example.
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smal | amount by a method described specifically herein bel ow The product
now containing the inactivated catal yst does not need to be washed but may
be directly subjected to a heat treatnment. Consequently, a polyacet al

copol ymer having high thermal stability -23 - is obtained. The treatnent
for inactivating the catalyst contenplated by this invention is inplenmented
by exposing the proeduct of copol ynerizat2®n to a basic gas or by conbining
the product with a solution containing a basic conpound-in a small anount
(for exanple, not nore than 7% by wei ght, preferably not nore than 5% by
wei ght, based on the anobunt of the polyner) and m xing them As concrete

exanpl es of the bas‘égi%&iﬁ%%‘&%?eg%ﬁ% %%Vo:%néhgefeadlﬂﬁfhoertiﬁ?él t of

i nactivation of thi dan ani ne conpound’ may be

Cons o e ! S SATHEURE Lnb B eI S Rae dod g an e o

contact In a pjcarbonates, phosphates, borates, silicates and other
inorganic weak acid salts, acetates, oxalates,
formates, benzoates, terephthalates, isophthalates,
phthalates, aliphatic acid salts and other organic
acid salts of alkali metals or alkaline earth metals,
and alkoxides and phenoxides like methoxides,
ethoxides, n-butoxides, sec-butoxides, tert-butoxides
may be cited. Among other alkali or alkaline earth
metal compounds mentioned above, hydroxides,
carbonates, and fatty acid salts are used particularly
favorably. As concrete examples of the alkali metal or
alkaline eafth metal, lithium, sodium, potassium, -
qesium, magnesium, calcium, strontium, and barium may
be cited. Among othef alkali metals and alkaline
earth metals mentioned above, lithium, sodium,
.potassium, magnesium, and calcium is used particularly
favorably. To be more specific, calcium hydroxide,
magnesium hydroxide, sodium carbonate, calcium
acetate, calcium stearate, and calcium hydroxystearate
prove particularly advantageous.

As the solvent for the preparation of the

‘inactivating agent, water or an organic solvent is

used. As concrete examples of the organic solvent,

e



gaseous formw th the fornmed crude polyner. Appropriately, the boiling
-point is not higher than 150[err]C. To be nore specific, the conpounds

whi ch are represented by the general forrmulas, Rerr]NHerr] R err]R err]NH
and Rlerr]Rerr][err]Rerr]N (wherein Rerr], R2, and R3 independently
represent an al kyl group of not nore than 4, preferably not nore than 2,
carbon atons or an al cohol group) are pygferred exanples. An am ne conpound
having a relatively high boiling point can be used as diluted with a
carrier gas as described specifically herein -24- below so that it may
be allowed to contact in a gaseous formw th the crude polynmer. As concrete
exanpl es of the am ne conpound answering the description given above,

met hyl "ami ne,2k¢ oo ks | sugh s mathadly anghietdanalhy Keheines, sdicdk I8  ami ne,
triethyl am ne, butyl am ne, dibutyl amne, tributyl ami ne and al cohol

am nes  cor r espoth e 13Rg @l ESFAP s, FOMahdEmMAEP T dfe tSiERol2Sami ne) may

be cited. | ATENGLLREM  TRIN, 3L Gy a b Ml WGaddd mLNY! amine are
hydrocarbons such as cyclohexXane, n-hexane, and n-
heptane may be cited. The aqueous solution of such an
organic solvent is used particularly favorably.

The method to be used for the addition of the
inactivating agent solution to the crude polymer is
not particularly limited. This solution, to be
effectively dispersed and allowed to contact the crude
polymer, is preferred either to be sprayed on the
crude polymer or to be thoroughly stirred and mixed
with the crude polymer.

When the solution containing the basic gas or
basic compound in a small amount is added as the
catalyst-inactivating agent to the formed ¢rude
polymer and enabled to inactivate the catalyst in the
polymer, the crude polymer is preferred to be in the
form of minute granules. The devigé for

_ polymerizatién reaction, in this connection, is
preferred to be capable of thoroughly crushing the
polymer in a bulky form. Otherwise, the product
resulting from the polymerization may be separately
crushed with a crushing device before the addition of

the inactivating agent thereto. Alternatively, the

~-



The basic gas nentioned above nmay be used in its inherent gaseous form or
it may be diluted with a carrier gas and used in the formof a m xed gas
for contact with the fornmed polyner. The carrier gas, though not
specifically defined, is preferred to be an inert gas. N trogen gas or

ot her organic gases are exanples. The nethod for establishing contact

bet ween the basic gas and the fornmed crtk%e pol yner does not need to be
particularly limted but may be effected by any of the nmethod which are
capabl e of causing the basic gas to contact the fornmed copol yner particles
t horoughly. For exanple, a nmethod which conprises causing the crude pol yner

to be thoroug tirr a m Ln_the ainosphere.of the basic gas, a
met hod -25?% s%@#°c%%€rﬁg§sséﬁgﬁkﬁﬁ Eﬁg EgsF rﬁégdc8H%ter to the stream

of the crude capRhXRloudiy? iABLRR PALEA COBPT LRES 1 GRUSLNY. he basic gas
“to flowin a circulating nmanner Eetmeen the adjacen% parflgFéggof t he crude
pol ymer bed nmagebe .adopt ed. :

The crude polymer, while undergoing the
inactivating treatment, is preferred to have a
particle size distribution such that at least 90% of
the whole particles have diameters of not more than 3
mm, preferably not more than 2 mm, and further
preferably not more than 1 mm.

The temperature of the inactivating treatment is
in the range of 0 - 140°C, preferably 20 - 120°C.

In this invention, the crude polymer which has
added the catalyst-inactivating agent may be
immediately subjected to a heat treatment for
dissolution. |

This heat treatment is preferred to be carried
out in the presence of a stabilizing agent. The
stabilizing agent usually has to be added at a freely
selected time after the poiymerization and before the
heat treatment. It may be added simultaneously with
the inactivating agent mentioned above or during the
course of the heat treatment. In a preferred
embodiment, the heat treatment is carried out in the
presence of a small amount (0.1 -7% by weight, for

e}ample) of water. This preferred embodiment is

B,



The anount of the basic gas to be'used in this invention is required to be
sufficient for inactivating the catalyst by neutralization. It is preferred
to be not less than 10 nols per nol of the catalyst in use. As the
dilutent, this invention allows use of a varying basic conpound in the form
of a solution or dispersion containing the compound only in a small anount.
The anount of the basic conpound is requg.ed to be sufficient for

t horoughly inactivating the catalyst by neutralization. Preferably, the

i nactivating agent is added in the formof an inactivating agent sol ution
havi ng the inactivating agent dissolved or dispersed in water or an organic
solvent. In this case, the anobunt of the inactivating agent solution to be
added is in theutemyel ofl Xy Rcecomplishes giten el dms i v tHng set wei ght
based on the anobunt of the forned crude polyner. The inactivating agent

sol ution, notwis Hssemdimgthhef amaf ffpARUESUS selgkion.

The stabilizing agent to be used as an impoftént
component herein may be any of the known substances
such as, for example, various hindered phenol type
antioxidants. Advantageously, a varying nitrogen-
containing compound, metal oxide, or fatty acid salt
is used in combination with this stabilizing agent.

As concrete examples of the hindered phenol type
antioxidant, 2,6-di—t—butyl—4-methyl phenol,
triethylene glycol-bis[3-(3-t-butyl-5-methyl-4-
hydroxyphenyl)propionate], 1,6-hexane diol-bis-[3(3,5-
di-t-butyl-4-hydroxyphenyl)propionate], tetrakis[3-
(3,5-di-t-butyl-4-hydroxyphenyl)propionate] methane,
N,N'-hexa-methylenebis(3,5-di-t-butyl-4-
hydroxyhydrocinnamide), 2-t-butyl-6-(3'-t-butyl-5'-
methyl-2'-hydroxybenzyl)-4-methylphenyl acrylate, and
3,8-bis[2-{(3-t-butyl-4-hydroxy-5-
methylphenyl)propionyloxy}-1,1'-dimethylethyl]-
2,4,8,10-tetraoxaspiro[5,5]~-undecane may be cited.
Still, above-described hindered phenol antioxidant may
exist at the time of copolymerization by adding in
advance part or all of it into the monomer or the
comonomer .

As concrete examples of the nitrogen-containing



addi tion, brings about perfect inactivation of the catalyst when it is
anply stirred and m xed with the crude polyner and is consequently enabl ed
to take advantage of the properties of the polynerization catal yst being
used. The inactivating agent-to be effectively used in this nethod may be
any of the known basic substances. As concrete exanples of the |nact|vat|ng
agent,. ammoni a, vari ous am ne conpounds:3lor oxi des, hydroxides, organic
acid salts or inorganic acid salts of alkali or al kal i ne earth netal s, and
trival ent phosphorus conpounds may be cited. These inactivating agents may
- be used advant ageously either singly or in the formof a m.xture of two or

nore nmenbers. The am QP dg ch are effectiv bl e herein
i ncl ude prinar§°m§888ada§§c FhaCt &Pt %Iym%é%Tﬁﬁﬁl%r ﬁ#%ﬁ%a nd"&r omat i ¢
i h I hyl
ohyl anino, - aFBERSPEANIRGE i TArtiTAELPs BfFooY, B LR Iy o M

é;;bUty' a”‘netyﬁgdc8$88 ésanﬁfﬁérf@Iﬁésgfﬁﬁié&@ﬁ&ﬁﬁ@é0(%?&&@%@& for
nmpl e, triethanol am ne), and aniline, diphenyl am ne eterocyclic
am ne, and hi ngdgigdsfM P£S1684Cholyamides or copolymers thereof

(such as, for example, nylons 6, 12, 6/12, 6/66/610,

and 6/86/610,12) may be cited.

The metal oxides are preferred to be oxides of
alkaline earth metals. As concrete examples of the
metal fatty acid salt, calcium salts or magnesium
salts of higher fatty acids may be cited.

The stabilizers enumerated above have severally
varying functions of their own. Preferably, two or
more such stabilizers selected so as to suit a
relevant object are used in combination.

The polymerization system at this stage, when
necessary, may incorporate therein various other
additives such as, for example, fillers like glass
fibers, a crystallization promoter (seeds), and
release agent.

The temperature of the heat treatment in this
invention is in the range between the melting point of
the formed copolymer and 250°C, preferably in the
range between the melting point and 230°C. If the
temperature exceeds 250°C, the disadvantage arises

that the polymer will be degraded by decomposition.



as, for exanple, piperidine derivatives), for exanple. -27- As concrete
-exanpl es of the alkali or alkaline earth netal conpound, oxi des,

hydr oxi des, carbonates, bicarbonates, phosphates, borates, silicates and

ot her inorganic weak acid salts, acetates, oxal ates, fornmates, benzoates,

t erepht hal ates, isophthal ates, phthalates allphatlc acid salts and other
organic acid salts-of alkali netals or -cﬂZkaI ine earth metals, and al koxi des
and phenoxi des |ike nethoxides, ethoxides, n-butoxides, sec- butOX|des,
tert-butoxi des may be cited. Anong ot her alkali or alkallne earth netal
conpounds nentioned above, hydroxi des, carbonates, and fatty acid salts are

Lopa PartLon iy dAMUA O A LANGCNS RXRTReS loddle Ay HRLAl o

al kal i ne earth I'um “sodi um potassi uﬁl cesictm m

cal ci um Str(”ﬁdﬂﬂﬂcdﬂ%i*%ﬁﬁﬂﬁ“ q%yogﬁyc%%%41réﬁnQ% glehen ghﬁ%lbf”Etals and

al kaline earth netals mentioned above, lithium sodium potas
magnesi um anGmaAdingnthe WA RADblGHea" byidl 2vehakhingTa %n‘f‘)%%rSpeC' fic,

cal ci um hydr oxi de, |
the entrapped gas. As concrete examples of the heat-
treating device, a uniaxial or multiaxial continuous
extrusion kneading device provided with at least one
venthole and a cokneader may be cited.

In this invention, the polymerization catalyst is
completely inactivated and the inactivating agent
incorporated in the polymerization system is enabled
to promote the separation by decomposition of the
unstable terminal part of the crude copolymer and the
removal of the separated unstable terminal part
together with other volatile substances through the
vent part by this heat treatment, with the result that
pellets of a stable polyacetal copolymer will be
obtained. For this purpose, the venthole naturally is
preferred to utilize decompression for allowing
necessary aspiration of the discharging substances.

. Examples

Now, this invention wiil be described
specifically below with reference to working examples.
Naturally, this invention is not limited to these
examples. In the working examples and the comparative

examples, the terms defined below and the physical



magnesi um hydr oxi de, sodi um carbonate, cal cium acetate, cal cium stearate,
.and cal ci um hydroxystearate prove particul arly advantageous. As the sol vent
for the preparation of the inactivating agent, water or an organi c sol vent
is used. As concrete exanpl es of the organic sol vent, -28- al cohol s such
as net hanol and et hanol, ketones such as ethyl ketone and acetone, aromatic
conpounds such as benzene, toluene, and-33yl ene, and saturated hydrocarbons
such as cycl ohexane, n-hexane, and n- heptane may be cited. The aqueous
solution of such an organic solvent is used particularly favorably. The

met hod to be used for the addition of the inactivating agent solution to
the crude polyner is not particul a Iinited |s soI |on to be

ef fectively dif%?)%?%‘é‘ép%ﬁid&a‘iqrd‘iﬁék?f{ dyycotrﬂ%é[i tc

preferred either to be sprayed on the crude polyner or to be thoroughly
stirred and nm%ed ¥W¥h the crude polymer. Wen the solution containing the

basic gas or % or ppm: Invariably indicated on weight

basis.

Conversion: Determined by washing a sample
product of polymerization reaction with an
inactivating agent solution, drying the washed sample
polymer, and finding by calculation the ratio, % of
the weight of the dried sample polymer to the total
weight of monomers supplied.

Residual monomer content: Determined by
washing a sample product with a prescribed
inactivating agent solution, analyzing the washings by
gas chromatography to determine the monomer content
thereof, and finding by calculation the ratio, %, of
the weight of the monomer to the weight of the crude
polymer.

. Melt index (MI): A melt index (g/10 min)
determined at 190°C. This was rated as a
characteristic value corresponding to a molecular
weight. The magnitude of MI decreases in proportion
as the molecular weight increases. The crude polymer
resulting from polymerization was measured for MI in
the presence of a stabilizer and the pellets resulting

from melt extrusion were measured for MI in their



basi ¢ conpound in a snmall amount is added as the catal yst-inactivating

agent to the formed crude pol yner and enabled to inactivate the catal yst
the crude polymer is preferred to be in the formof mnute

t he pol yner,

granul-es. The device for polynerization reaction,
preferred to be capable of thoroughly crushing the pol yner
O herwi se, the product

in this connection,

S

in

in a bulky form
; resulting fromt#&-pol ynerizati on may be separately
crushed with a crushing device before the addition of the inactivating

agent thereto. Alternatively, the -29- crushing and the stirring may be

carried out sinultaneously in the presence of the inactivating agent.

The

crude polyner, while undergoing the inactivating treatnent, is preferred to

have a particl#a}5ref sk5™ut i on such that at least 90% of the whole
Eﬁighigréggqéﬁ%§%¢é§ﬂn€%rng 6g£¥§¥f§g)%ﬂg§n{ng§ethan 2

unstable part): Determined by placing 1 g of crushed

particles have diane
mm and further pref

crude copolymer flakes or copolymer pellets in 100 ml
of an aqueous 50% methanol solution containing 0.5% of
ammonium hydroxide, heating-the sample solution in a
closed céntainer at 180°C for 45 minutes, subjecting
the resultant solution to quantitative analysis to
determine the amount of formaldehyde dissolved in the
solution, and finding by calculation the ratio of the
amount of formaldehyde to the weight of the polymer.
Ratio of weight loss by heating: Determined by
heating 5 g of crude polymer flakes (containing
powdered stabilizer) or copolymer pellets in air at
230°C for 45 minutes and finding by calculation the
ratio of weight loss.
Examples 1 - 8 and Comparative Examples 1 and 2:

In a closed autoclave provided with a jacket
capable of passing a heat medium and stirring vanes
capable of generating mixing and crushing motions,
trioxane containing 3.5% of a varying comonomer shown
in Table 1 was placed, stirred, kept at an internal
temperature of about 70°C by passing hot water at 70°C
through the jacket, made to add a varying catalyst

(dibutyl ether solution) shown in Table 1 in an amount

RS



The tenperature of the inactivating treatnent is in the range of 0 -

.140[ err] C, preferably 20 - 120[err]C. In this invention, the crude pol yner
whi ch has added the catal yst-inactivating agent nay be i medi ately
subjected to a heat treatnent for dissolution. This heat treatnent is
preferred to be carried out in the presence of a stabilizing agent. The
stabilizing agent .usually has to be adda$l at a freely selected tine after

t he pol ynerization and before the heat treatnment. It may be added

simul taneously with the inactivating agent nentioned above or during the
course of the heat treatnent. In a preferred enbodi nent, the heat treatnent

Is carried out in the presence of .a_spall anmount (0.1 -7% by weight, for
exanpl e) of w&PeF 1?h&§b§Fe%er?Eﬁ 1 BdPﬂgﬁ?eF§z N€:30- automatically

TR L L LR SRR e

may be any Ofeer(%ﬂ%WQaﬁﬁgshgeg?ﬁined by a preliminary test under
the same conditions entered in Table 1), the unaltered
monomers were vaporized and separated from the
reaction system by reduced-pressure aspiration or
passage of a stream of nitroéen through a venthole
formed in the upper part of the autoclave (jacketed
and kept at 100°C). The vaporized unaltered monomers
were condensed and collected. The collected monomers
showed Viftually no sign of polymer formation. After_
the elapse of a preécribed time (Table 1), an aqueous
1% ammonia solution was added to the reaction system
to stop the polymerization in process and, at the same
time, wash the reaction system. The reaction system
was analyzed for the unaltered monomer content and the
vield of polymerization and the produced polymer was
examined for properties. The results are shown in
Table 1.

- A polymerization was performed by following the
procedure described above while using boron
trifluoride (dibutyl etherate) instead as a catalyst
for the purpose of comparison. When an attempt was
made to vaporize and separate monomers meanwhile, a

Qolymer was formed so amply in the venthole and the

L2



such as, for exanple, various hindered phenol type antioxidants.

.Advant ageousl y, a varying nitrogen- containing conpound, netal oxide, or
fatty acid salt is used in conbination with this stabilizing agent. As
concrete exanpl es of the hindered phenol type antioxidant,
2,6-di-t-butyl-4-nmethyl phenol, triethylene '
gl ycol - bi s[ 3-(3-t-.butyl -5-net hyl -4- hyd3&xyphenyl ) propi onate], 1, 6-hexane
diol -bis-[3(3,5- di-t-butyl-4-hydroxyphenyl)propi onate], tetrakis[3-
(3,5-di-t-butyl -4- hydroxyphenyl ) propi onat e] net hane,

N, N - hexa- met hyl enebi s(3. 5-di -t-butyl - 4 hydroxyhydrocinnanide)

2-t-butyl-6-(3":-t-butyl - | -2 dr oxybenzyl ) - 4- et h henyl
andceléesrg%g dpuige i 7o aih Sty st oIS tol S

acryl ate,

t hyl ph | 1,1'-d
294 g ?oePth §§$¥t X%]m?ﬁﬁE%%%E g%#Y%xe%ﬁ?}? 1hbove- descri bed

hindered phenol nﬁhgﬁ ?f%¥§%i; %%Pt §%éff@é8fa655§) rlzatlon by

addi ng i n advance par € nonofrer he tormononer. As

concrete exa”95ﬁ§1ﬂue&hﬁl@ﬁéﬁPQE%Eﬁé”ﬁﬁ%éQfﬁbted for vaporization

and recovery of unaltered monomers by way of
comparison (Comparative Example 2 in Table 1), the
produced crude polymer was found to contain unaltered
monomers in a large amount and manifest inferior
properties.
The catalysts used in the working examples were
as shown beiow.
Heteropoly acid (HPA)
HPA-1: Phosphomolybdic acid
HPA-2: Silicotungstic acid
HPA-3: Phosphotungstic acid
Isopoly acid (IPA)
IPA-1: Paratungstic acid

IPA-2:. Metatungstic acid



conpound, dicyan diam de, nelam ne or derivatives thereof, urea or
.derivatives thereof, benzotriazole type conmpounds, piperidine type .
conpounds (hi ndered am nes), various polyam des or copolynmers thereof (such
as, for exanple, nylons 6, 12, 6/12, 6/66/610, and 6/66/610,12) may be
cited. The netal oxides are preferred to be oxides of alkaline earth
metal s. As concrete exanples of the netgj. fatty acid salt, calciumsalts or

magnesium salts of higher fatty acids my be cited e stabilizers
enuner at ed abové;@%ﬂg eyerably Cé, ) Bei r jawn. (R ef efabljy,
two or norg such §§a§)§ |°zerq°sel ec‘ted rel ej&ht dbsJ ect|are
used in conbi natjo THe pollymeri —slage-—uwhen
necessary, |may inc@ng rlat e tlherei Dt her i ves [such (as, fpr
exanpl e, fill lersj4i@g® dlass |f berjs, ALl i zagi on grongter (jseeds and
rel ease aggnt. Th%‘%gnrefatupe of Feat fent iR t hils$ |ndeht|on4is
in the rand& betWe@nﬁtI‘e melfting ne fofned gopol yymer gnd
250[err]C,|§fﬁeraBIv iin_thg ran e melt] paoi At_and 230[err]iC
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that the polynmer will be degraded by deconposition. -32- The device for
this heat treatnent, though setting no particular limt, is only required
to be capabl e of kneading the nolten polyner and furnishing a vent for the
entrapped gas. As concrete exanples of the heat- treating device, a

uni axi al or multiaxial continuous extrusion kneadi ng device provided with
at | east one venthole and a cokneader nzm@g-be cited. In this invention, the
pol ymeri zation catalyst is conpletely inactivated and the inactivating
agent incorporated in the polynerization systemis enabled to pronote the
separation by deconposition of the unstable term nal part of the crude
copol yner and the renoval of the separated unstable term nal part together
with other volEtaMRl& yst ances through the vent part by this heat

Wil Do obtai ned.  RoP HMETIdAid00, "B Fehithare HOSURANEy € pr of orted to
uti|ize decompyess@lld Yr 2R HHGIR AN A 1B e fscharging

monomers collected in Example 2 to freshly supplied
monomers. In this example, the conversion was found
to be 78% [cf. 84% obtained-in Example 2 (using
freshly supplied monomers)] and the unaltered monomers
recovered céuld be reused in a substantially
ﬁnmodified form.
Examples 10 - 15 and Comparative Examples 3 and 4:

In a continuous mixing reaction device comprising
a barrel formed in a cross section of the shape of two
partly overlapping circles and provided on the outer
side with a jacket for passing a heat (cooling) medium
and two rotary shafts each provided with a -
multiplicity of stirring and propelling paddles and
severally laid in the longitudinal direction, trioxane
containing 2.5% of 1,3-dioxolan as a comonomer and 700
ppm of methylal as a molecular weight adjusting agent
was continuously supplied via one end of the reaction
device and, at the same time, a varying catalyst shown
in Table 2 was continuously added in a feed volume
calculated to total a varying amount shown in Table 2
based on the total amount of the monomers, with the

jacket operated to pass hot water at 70°C and the two

Pav



Exanpl es Now, this invention will be described specifically below wth
reference to working exanples. Naturally, this inventionis not limted to
t hese exanples. In the working exanpl es and the conparative exanples, the
ternms defined bel ow and the physi cal -33- magni tudes determ ned by the
met hods descri bed bel ow are used. % or ppm Invariably indicated on weight
basis. Conversion:_Determ ned by washi ngga sanpl e product of polynerization
reaction with an inactivating agent solution, drying the washed sanpl e
pol ynmer, and finding by calculation the ratio, % of the weight of the dried
sanple polynmer to the total weight of nonomers supplied. Residual nononer
content: Determ ned by washing a sanple product with a prescribed
i nacti vati ng &@dsirys@haifiten rodadledz eiigat féxedshiargs By §d$ectr omat ogr aphy
to determ ne the nononmer caontent _

copolymerization. The catalyst was prepared in the

form of a solution in 3-dioxolan (about 1% based on

the trioxane) and added as kept at about 0°C to the

polymerization system.

Then, the reaction product (found to possess an

intermediate conversion shown in Table 2) emanating

from the outlet of the polymerization device was

introduced into a second continuous mixing device

(jacketed and kept at 100°C) and fed with nitrogen

and, at the same time, subjected to reduced-pressure

aspiration by means of a venthole (100°C) provided in

the second device to effect vaporization of the

unaltered monomers. The vaporized unaltered monomers

were separated from the reaction system and led to a

condenser to be collected therein. The collection was

continued smoothly. The collected monomers showed

virtually no sign of polymer formation. The product

extracted from the reaction device was sampled and

analyzed for residual monomer content.

Subsequently, the reaction product emanating from
a second vaporizing device was crushed by passage
through a grinder (to a particle size distribution

such that not less than 90% of the particles had

diameters of not more than 2 mm) and, at the same

e



thereof, and finding by calculation the ratio, % of the weight of the
-nmononer to the weight of the crude polyner. Melt index (M): A nelt index
(g/10 mn) determned at 190[err]C. This was rated as a characteristic

val ue corresponding to a nol ecul ar wei ght. The magni tude of M decreases in
proportion as the nol ecul ar weight increases. The crude polyner resulting
from pol yneri zati on was neasured for Mgg-n the presence of a stabilizer and
the pellets resulting fromnelt extrusion were neasured for M in their
-34- unaltered form Alkali deconposition ratio (existing anmount of
unstabl e part): Determned by placing 1 g of crushed crude copol yner fl akes
or copolyner pellets in 100 mM of an aqueous 50% net hanol sol uti.on

contai ni ng O. E%’@f BAfBNtANR ¢y ot AL DR RATHY-§2 QEnR®iGol ution in a

cl osed container at 180[err]C for 45 mnutes, subjecting the resultant
solution to qB@RPPRAH; seldh ?%S?QPWQ)%RHt%¥%% t%% %%Dﬁ%?CEﬁV?Eﬁ%%Jdehyde

di ssol ved in gggnt, and stirred at 80°C for 30 minutes. Then, the

resultant mixture and 0.5% of tetrakis-[methylene-3-
(3,5-di-t-butyl-4-hydroxyphenyl)propionate] methane as
a stabilizer, 0.1% of melamine, and 0.03% of magnesium
oxide added thereto were stirred and mixed together
for 5 minutes. The produced blend was placed in a
biaxial extruding device provided with a vent, melted
and mixed therein at a temperature of 210°C, and
extruded under a vacuum degree of 5 mmHg in the vent
part to produce pellets. The pellets were dried and
tested for polymer quality. The resﬁlts are shown in

Table 2.



sol ution, and finding by calculation the ratio of the anmount of

- formal dehyde to the weight of the polyner. Ratio of weight |oss by heating:

Det ermi ned by heating 5 g of crude polyner flakes (containing powlered
stabilizer) or copolyner pellets in air at 230[err]C for 45 m nutes and
finding by calculation the ratio of weight |oss. Exanples 1 - 8 and
Conparative Exanples 1 and 2: In a clos4éld autocl ave provided with a jacket
capabl e of passing a heat medium and stirring vanes capabl e of generating

04
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nmononers were vaporized and separated fromthe reaction system by

-reduced- pressure aspiration or passage of a stream of nitrogen through a
venthole fornmed in the upper part of the autoclave (jacketed and kept at
100[err]C). The vaporized unal tered nononers were condensed and col | ect ed.
The col |l ected nmononmers showed virtually no sign of polyner formation. After
the el apse of a prescribed tinme (Table_g), an aqueous 1% anmmoni a sol ution
was added to the reaction systemto stop the polynerization in process and,
at the same tine, wash the reaction system The reaction system was

anal yzed for the unaltered nononmer content and the yield of polynerization
and the produced pol yner was exam ned for properties, The results are shown
in Table 1. A pol yHeriSatteAr weCmhel %r‘ﬁﬁ)&okppﬂﬂq ok VR t3RP Y Fur e
descri bed abow§ whi | e, usin bqgon trif uq;ide gg%butgl et herate) instead as
a catal yst forf§ T D HP Lo 1D PWien W RTEHpS nmade to

vapori ze and sepagal £ MONOIR SAPAWN R PRI JET{ G pd SO amply in

the vent hol e "an
polyacetal copolymer excellent in such qualities as

thermal stability to be produced economically by a
simple procedure as compared with the conventional

method.



- 36- collecting device as to disrupt snmooth collection of the unaltered
- mononers (Conparative Exanpl-e 1). Wen the pol ynerization described above
was conti nued mnthout belng |nterrupted for vapor nd recovery of

unal t ered nonone e@wabcﬂparl son (Compara
t he produced crud Lound to contain

nal t eggp] ﬁo sf{in a
| ar ge anount and or propg.ties. The batu.van used §n the

wor ki ng exanpl es mere as shomm el ow. Heteropoly acid (HPA) HPA- 1:
Phosphonol ybdi ¢ acid HPA-2: Silicotungstic acid HPA-3: Phosphotungstic acid
| sopoly acid (IPA) IPA-1: Paratungstic acid | PA-2: Metatungstic acid

Claims:
1. A process for producing a polyacetal copolymer,
comprising the steps of copolymerizing trioxane as the
main monomer with a cyclic ether or a cyclic formal,
és a comonomer, each having at least one carbon-carbon
bond, using a non-volatile protonic acid catalyst as a
polymerization catalyst to reach a polymerization
degree of at least 80%, based on all monomers, and
then vaporizing unreacted monomers to separate, remove
and recover them from the polymerization system to
thereby reduce the remaining monomer content of the
polymerization system to 5% by weight or lower based
on the polymer.
2. The process as claimed in claim 1, wherein the
ﬁonvolatile protonic acid catalyst is at least one
member selected from heteropolyacids, acid salts
thereof, isopolyacids, and acid salts thereof.
3. The process as claimed in claim 2, wherein the
heteropolyacids and acid salts thereof are represented
by the following formula (1):

Hx[Mm-M'nOQ]'ny) ... (1D
wherein M represents one or two central elements
selected between P and Si; M' represents one or more
coordination elements selected from W, Mo, and V; ¢ is

10 to 100; m is 1 to 10; n is 8 to 40; x is an integer

N,



-38- Exanple 9: A polyneri.zation.was tried by foll ow ng the procedure of
Exanpl e 2 whil e addi ng about 10% of the nononers collected in Exanple 2 to
;gesPl¥ Sgpp|igﬂmﬂm&mHﬁﬂﬁmﬂ&mmkbiS exanpl e, the conversion was found to be
% [cf. 84% obt | e 2 (using freshl Lt —mororess and
the unaltered m*!ﬂﬁm'mgmﬂﬂed coul d be reused Jﬁ@gégﬁéﬁﬁtafﬁﬂl y)]
unnodi fied form = 15 and Gddparati ve Exarﬁflpééc@and - In a
continuous m xing reaction device conprising a barrel formed In a cross
section of the shape of two partly overlapping circles and provided on the

outer side wwth a jacket for passing a heat (cooling) nediumand two rotary

shafts each provided with a- nultiplicity of stirring and propelling
paddl es and s&fertaldty Ya5i&frin I&ﬁgPt%&iﬁgr direction, trioxane

contai ning 2.5% of .1, 3-di oxol an as .a.c n I d,70 -Of thylal as a
mol ecul ar wei §tit adj \Fst5FF “EFe At® ﬁ&?lg%ﬁ?ﬁﬁgg&gﬁ& gdp%?%% 1&15%%ne end of

the reaction e GG Aly [he R T thd rediey 1140 s328hANS! oBlaown

compound selected from the group consisting of

phosphomolybdic acid, phosphotungstic acid,
phosphomolybdotungstic acid, phosphomolybdovanadic
acid, phosphomolybdotungstovanadic acid,
phosphotungstovanadic acid, silicotungstic acid,
silicomolybdic acid, silicomolybdotungstic acid,
silicomolybdotungstovanadic acid and acid salts of
these.
5. The process as claimed in claim 2, wherein the
isopolyacid or acid salt thereof is represented by the
following formula (2) or (3):

XML,0- pMYy05- YH,0 (2)

xML0- pM'10;- yH,0 (3)
wherein M! is hydrogen or may be partly replaced by a
metal; M is V, Nb, or Ta, each belonging to Group V of
the Periodic Table; m! is cr, Mo, W, or U, each
belonging to Group VI of the Periodic Table; p is an
integer of 1 or larger; X is an integer of 1 or
larger; and y is a number of 0 to 50. |
6. The process as claimed in claim 2, wherein the
isopolyacid or acid salt thereof is selected from the

group consisting of paratungstic acid, metatungstic

e



in Table 2 was continuously added in a feed volune calculated to total a
-varying anount shown in Table 2 based on the total anount of the nononers,

with the jacket_ operate tﬁ ass hot water at 70[err}S

rotary shafts < oc ¥ rate, to effect copp

catal yst was pr u | ormof a solution in 3rdi ox®Eppaf
based on the tri ed as kepgs-at about O[ &l 6 =

pol ymeri zation system Then, the reaction product (found to possess an
i nt ermedi ate conversion shown in Table 2) emanating fromthe outlet of the
pol yneri zati on device was introduced into a second continuous m xi ng device
(j acketed and t rr] O and fed wth nitrogen. and, at the sane
time, subj ect%}éf?b ?%ﬁ%’gcg%y?%#%%s%?legas_??%T?J(}ﬁb% ¢ (éh%' of a venthole
(100[err] O PpovhdefadilcLhg: Seopth Aoyl 66, (0. £ Taes yaperigaliopn §f the
unal t ered nononers. e vaporized unaltered nononers weré sepdrated from
the reaction gystgm angsded to a condenser to be collected therein. The
col l ecti on was

7. The process as claimed in claim 1, wherein the

comonomer is at least one member selected from
1,3-dioxolane, diethylene glycol formal, 1,4-
butanediol formal and ethylene oxide.

8. The process as claimed in claim 1, in which the
separation for recovery of unreacted monomers is
attained by vaporizing and removing the saﬁe by vacuum
suction, by passing an inert gas or by using a
combination of both.

9. The process as claimed in claim 1, in which a
continuous polymerizer provided at or around the
discharge port thereof with a mechanism for wvacuum
suction or for passing an inert gas is used to

vaporize and remove unreacted monomers from a

discharged polymer mixture and to separate and collect
unreacted monomers to thereby reduce the monomer
content of the discharged polymer mixture to 5% by
weight or lower.

10. The process as claimed in claim 1, in which
polymerizers arranged in two or more stages are used
to perform the polymerization in the first-stage

polymerizer until the conversion reaches 60% or higher

LR



continued snoothly. The col |l ected nononers showed virtually no sign of
- polyner farmation. The product--extracted fromthe reaction device was

sanpl ed and anal yzed for residual nononer content 2 T S VREEN)
reacti on product EE e %dsecond vapori zi Jﬁiﬁ ngecr ushed by

passage through a particle size distlributh bt not
| ess than 90% of t ad di aptt-ers of not nore than 2 nm and, at
t he sane -40- time, made to add a varying basic gas or basic conpound

solution shown in Table 2 as an inactivating agent, and stirred at 80[err]C
for 30 mnutes. Then, the resultant m xture and 0.5% of

tetraki S'[”Et@r’%se%f'l@%;(ﬁ(ﬂ -l ?&dxpéﬂyﬂag)gj%%wfﬁﬂeﬂ%x? RIGQA QPpd €] et hane

as a stabiliz melam ne,” ah magnesi um oXi de” added

thereto were gid rﬁ&f’yn?efldiigfﬁ tﬂgegﬂprngﬁ~55t. '&lﬂﬁ%me%&f oduced bl end

was placed in a biaxial extruding device provided wth a vent, nelted and
m xed therei ns fify Prd AR B Wit P tirel Qfap i £4dHdeH WidfivaA aRuum degree

of 5 mHg in the vent
recovery of unreacted monomers to thereby discharge a
crude polymer having a residual monomer content of 5%
by weight or lower from the .next-stage polymerizer.
11. The process as claimed in claim 1, wherein the
polymerization reaction mixture is subjected to the
vaporization and removal of unreacted monomers after
being powdered to such a degree that the content of
particles having a particle diameter of 3 mm or
smaller is at least 90%.
12. The process as claimed in claim 1, wherein the
unreacted monomers removed and recovered from the
polymerization system through vaporization are reused.
13. Thé process as claimed in claim 1, comprising |
further steps of adding a basic substance as a
catalyst deactivator to the crude polymer having a
residual monomer content of 5% by weight or lowef and
contacting the basic substance with the crude polymer
to deactivate the catalyst.
14. The process as claimed in claim 13, comprising
steps of contacting a basic gas as the catalyst
deactivator with the crude polymer to deactivate the

catalyst and then heat melting the crude polymer

T



pért to produce pellets. The .pellets were dried and tested for polyner
- quali.ty. The resul'ts are shown in Table 2. -42- As is clear fromthe
description giyen,abayG.aitlie working exanpl es cited above, the process

for preduction IS invention perm tBrac ASBEERNO! yer
excellent in su%ﬂ‘ﬂ“ﬂ!“@‘%ﬁlﬂg thermal stability tﬁﬁgﬁmﬁ
econonical ly by dure as effipared with th Rl

nmet hod. REPLACEMENT SHEETS SG C ains: 1. A process for producing a
pol yacetal copol yner, conprising the steps of copolynerizing trioxane as
t he

without washing the same.

15. The process as claimed in claim 14, wherein the
basic gas as the catalyst deactivator is ammonia
and/or an amine compound having a boiling point of
150°C or lower.

16. The process as claimed-in claim 13, comprising
steps of adding a basic compound solution as the
deactivator to the crude polymer in an amount of 0.3
to 7% by weight based on the crude polymer and heat
melting the resulting mixture without washing.

17. The process as claimed in claim 18, wherein the
basic compound solution as the catalyst deactivator is
an aqueous solution or organic solvent solution of one
or more basic compounds selected among ammonia, amine
compounds, and oxides, hydroxides, inorganic acid
salts and organic acid salts of alkali and alkaline
earth metals.

18. The process as claimed in claim 13, wherein the
crude polymer yielded by the polymerization is
subjected to the catalyst deactivation after being
powdered to such a degree that the content of
particles having a particle diameter of 3 mm or
smaller is at least 90% by weight.

19. The process as claimed in claim 14, wherein the

heat melting is conducted in the presence of a

UL



0.1 to 10 nol e percent of..matn nononmer with/a cyclic ether or a cyclic
.formal, the conmononer as a conononer, the conononmer having at |east one
car bon- car bo ale,d fiemeareplened of 60 to 120[err]C at the presence of bond,
at a tanperat [err]C at the presence a non-volati .
protonic acid mmgmu\“%“wol ynmeri zation catal yst £ HAS 3F_ENJ
pol yneri zati on t | east 60% -4¥%ased on al |

vapori zi ng unreacted nononers to separate, renove
pol yneri zati on systemto thereby reduce the renmining nononer content of

t he pol ynerization systemto 5% by wei ght or | ower based on the polyner and
then addi ng as€abfl ysér deactivating agent. 2. The process as clained in
claim1l1l, wherein the nonvolatile protonic acid catalyst is at |east one
menber sel ect2g. f rome het &t ool yacd Bsimed i Th S&ld sm thef etierd SOPEHy/aci ds, and

acid salts thereof. 3. The process as clained in claim2, wherein the
het er opol yaci lilsa tine bti g sid tcondertoad o ethepyesesmies & waeef ol owi ng
formula (1): Hx[Mn» M ngerr].yHerr]O0 ... (1) wherein Mrepresents

one or two cesttratoeensht®. keteci%edberevesnt based Sin e reprseseant S one or
nore coordination elenents selected fromW M, and V;, [err] is

I



10 to 100; mis 1 to 10; nis 6 to 40; x is an integer -44- of 1 or

| arger; and y is O to 50. 4. The process as clainmed in claim2, wherein
the heteropolyacid or acid salt thereof is at |east one compound sel ected
fromthe group consisting of phosphonol ybdi ¢ acid, phosphotungstic acid,
phosphonol ybdot ungsti ¢ aci d, phosphonol ybdovanadi ¢ aci d,
phosphonol ybdot ungst ovanadi ¢ aci d, phosphot ungst ovanadi ¢ aci d,
silicotungstic acid, siliconolybdic acid, siliconDbedotungstic aci d,

S|I|conDbedotungstovanad|c acid and aC|d salts of these. 5. The process
as claimed in claim2, wherein therB g;bx or acid salt thereof is
represented by the follomﬁng formu ? Q?{3)
XMerr]l[err]O0.pMerr]2[err]5 yHerr]O0 ) (2) xMerr]20.

0 b
par i1y repl aced RQGRISTORFRONUCINGIOEVAGETALICOPOTANIRET 1, O, o1,

V of the Periodic Table; Merr] is C, M, W or U, each

To economically produce a polyacetal copolymer
excellent in properties including thermal stability by.
copolymerizing trioxane as the main monomer through
simple steps, a polyacetal copolymer is produced by
copolymerizing trioxane as the main monomer using a
nonvolatile protonic acid catalyst as a polymérization
catalyst until the conversion reaches at least 60%
{based on all monomers), and then vaporizing unreacted
monomers to separate, remove, and recover the same
from the polymerization system to thereby reduce the
residual monomer content of the polymerization systeﬁ

to 5% by weight or lower.



bel ongi ny REPLACEN%mQﬁSHqﬁ%fggéfHd|c Table;_p_is an_integer of 1 or
larger; Kk and . Nﬁﬁgr SHEE@St 05
Thegprocu4§§%§ﬂl iaﬁﬂ%uwggi rein the iS@PﬂI acid or acid-Salt

t her eof ﬁj fHaS théﬂglﬁgub .cofpsi st i & Freserintidhviegesd ¢ S e
" met at ungpst i aCt-45 * P8P, paupagal ybdilgz-aci 4 [J im0l ybas 4-@l 10 Paged oo,
paravanadi ¢ acid, net avanaé d angl an ac |Eﬁl‘8ath aaagedof----t ed Z.oenne
. The procled3ARE QF RBEHM Il Fq wher ei n tlm tfactonepagsl .at... tcemt: e

menber selected from1I; 3 GIOXUIanc ~¢H et hyl gl 1l
but anedi ol f gl and ethyl ene oxide. 8. The process as claimed in claim
1, in which the seﬁaration for recovery of unreacted nononers is attained
by vapori zi ng and,r grpyiag kB¢ Yp¥ag ! Lng an inert
gas or by using aAbgnblnatlon O?Pg§¥ﬁ.ng._uHQ%% gégggsggéOEgﬁg med in claim
1, in which %o%&*tl's'ibl%u%hlé%i@ﬁé'S?rcBﬁ@l’&H@f’ié‘inQ%?iBﬂQﬁietQS the
0.1 to 10 mole percent of
main monomer withfa cyclic ether or a cyclic formal,
the comonomer
as a comonomer, —-eaeh having at least one carbon-carbon

at a temperature of 60 to 120°C at the presence of
bond, -us;ngkg non-volatile protonic acid catalyst as a

_ polymerization catalyst to reach a polymerization
degree of at least 60%, based on all monomers, -and
then vaporizing unreacted monomers to separate, remove
and recover them from the polymerization system to
thereby reduce the remaining monomer content of the

polymerization system to 5% by weight or lower based

on the Polymer-l{'\and then adding a catalyst-deactivating agent.
2. The process as claimed in claim 1, wherein the
honvolati%e protonic acid catalyst is at least one
member selected from heteropolyacids, acid salts
thereof, isopolyacids, and acid salts thereof.
3. The process as claimed in claim 2, wherein the
heteropolyacids and acid salts thereof are represented
by the following formula (1):

Hx[Mm- M'n0¢ ]- yH,0 o (1)
wherein M represents one or two central elements
selected between P and Si; M' represents one or more
coordination elements selected from W, Mo, and V; ¢ is

10 to 100; m is 1 to 10; n is 8 to 40; x is an integer

AT AT 7
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di-scharge port thereof with a mechani smfor vacuum suction or for passing

~an inert gas is used to vaporize and renove unreacted nmononers from a

di scharged polyner mixture and to separate and col | ect unreacted nonomers .
to thereby reduce the nononmer content of the di scharged pol ymer m xture to
‘5% by weight or lower. 10. The process-# clainmed in claim1, in which

pol ymerizers arranged in two or nore stages are used to performthe

-pol ynerization in the first-stage polynerizer until the conversion reaches
60% or hi gher -46- (based on all the nononers) and to further continue

t he polynerizg%ignognlgFEFgexéﬁét gf@p@l¥€ﬁ$%zer simul taneously with the

vapori zation and renova f récove f acted nononers to thereby

di scharge a cpude @Hgyﬂpgcgggingﬁ%éﬁgégqﬁifgﬁ#ﬁpeé anéggégo 5% by wei ght

or lower fromthe next-stage pol) _ The ptoC _ Qimed in
claim1, wherRefetbBoDPAYNBS b7 aké A SEPELHRN B Cat S s4bEeghgd to the
a

vapori zation and renoval of unreacted nononers
compound selected from the group consisting of
phosphomolybdic acid, phosphotungstic acid,
phosphomolybdotungstic acid, phosphomolybdovanadic

acid, phosphomolybdotungstovanadic acid,

(

:i' phosphotungstovanadic acid, silicotungstic acid,
silicomolybdic acid, silicomolybdotungstic acid,
silicomolybdotungstovanadic acid and acid salts of
these.

5. The process as claimed in claim 2, wherein the
isopolyacid or acid salt thereof is represented by the
following formula (2) or (3):

xMho-pMY0s- yHO (2)
xMly0- pM'0,- yH,0 (3)
wherein M! is hydrogen or may be partly replaced by a

. metal; MY ls vV, Nb, or Ta, each belonging to Group V of
the Periodic Table; M is Cr, Mo, W, or U, each
belonging to Group VI of the Periodic Table; p is an
integer of 1 or larger; x is an integer of 1 or
larger; and y is a number of 0 to 50.

8. The process as claimed in claim 2, wherein the
isopolyacid or acid salt thereof is selected from the

group consisting of paratungstic acid, metatungstic

R




bei ng powdered to such a degree that the content of particles having a
particle dianmeter of 3 mmor smaller is at |east 90% 12. The process as
claimed in claim1, wherein the unreacted nononers renoved and recovered
fromthe polynerization systemthrough vaporization are reused. 13. The
“process as clained in claiml, conprisﬂﬁg further steps of adding a basic
subst ance as a catal yst deactivator to the crude pol yner having a residual
. mononer content of 5% by weight or |ower and contacting the basic substance
with the crude polymer to deactivate the catalyst. 14. The process as
clainmed in cladig 13aoyasibdirkg aglidls meftag@nyddliicn@gca ghasi ¢ gas as the
catal'yst deactivator with the crude. polynmer to deactivate the catal yst and
t hen heat nelpamgvdre icr wdd dgolmertaivanad-i47 acdidt landt anagkiidg sahae same. 15.
The process as clainmed in claim14, wherein the basic gas as the catal yst
deacti vat or isnanmbnthesend/ or an am ne conpound having a boiling point of

7. The process as claimed in claim 1, wherein the
comonomer is at least one member selected from
1,3-dioxolane, diethylene glycol formal, 1,4-

butanediol formal and ethylene oxide.

-
8. The process as claimed in claim 1, in which the

- separation for recovery of unreacted monomers is
attained by vaporizing and removing the saﬁe by vacuum
suction, by passing an inert gas or by using a
combination of both.
9. The process as claimed in claim 1, in which a-
continuous polymerizer provided at or around the
discharge port thereof with a mechanism for wvacuum
suction of for passing an inert gas is used to

_

vaporize and remove unreacted monomers from a
discharged polymer mixture and to separate and collect
unreacted monomers to thereby reduce the monomer
content of the discharged polymer mixture to 5% by
weight or lower.

10. The process as claimed in claim 1, in which
polymerizers arranged in two or more stages are used
to perform the polymerization in the first-stage

polymerizer until the conversion reaches 60% or higher

UL




150C or lower. 16. The process as clained in claim 13, conprising steps of
addi ng a basi c conpound solution as the deactivator to the crude polyner in
“an anount of 0.3 to 7% by wei ght based on the crude pol yner and heat
melting the resulting m xture without washing. 17. The process as clained

“in claim 16, wherein the basic conpounggsol ution as the catal yst
deactivator is an aqueous solution or organic solvent solution of one or

. more basic conpounds sel ected anong anmmoni a, am ne conpounds, and oxi des,
hydr oxi des, inorganic acid salts and organic acid salts of alkali and
alkaline earth nmetals. 18. The process as claimed in claim13, wherein the
crude pol ymedb@sS8AdeR Bylt RBe pBPRAReT S ht #0% T2 SWHFReY ceORbiRRR cat al yst

deactivation after _bein owlered to such a degree that the content of
Darti cl os hadhgbRISRPT LERELAN aibt Ehe GREAt AT o SMRLTEeT 1€on; | east 900 by

s i n uRERAE8RST5 ot 8h "Ble DafbPL A dfon YR O LnbDEL PR 11T NG TS
recovery of unreacted monomers to thereby discharge a
crude polymer having a residual monomer content of 5%
by weight or lower from the.next-stage polymerizer.

N 11. The process as claimed in claim 1, wherein the
polymerization reaction mixture is subjected to the
vaporization and removal of unreacted monomers after
being powdered to such a degree that the content of
particles having a particle diameter of 3 mm or
smaller is at least 90%.

12. The process as claimed in claim 1, wherein the
unreacted monomers removed and recovered from the
polymerization system through vaporization are reused.
13. The process as claimed in claim 1, comprising |
further steps of adding a basic¢ substance as a
catalyst deactivator to the drude polymer having a
residual monomer content of 5% by weight or lower and
contacting the basic substance with the crude polymer
to deactivate the catalyst.

14. The process as claimed in claim 13, comprising
steps of contacting a basic gas as the catalyst
deactivator with the crude polymer to deactivate the

catalyst and then heat melting the crude polymer

REPLAGERGE Y Sl
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.;45-.stabilizer. 20. The process as clainmed in claim14, wherein the heat
~~metting is conducted in the presence of water in an anount of 0.1 to.7% by
- wei ght. based on the polyner. V '

. -47-

without washing the same.

15. The process as claimed in claim 14, wherein the
basic gas as the catalyst deactivator is ammonia
and/or an aminé compound having a boiling point of
150°C or lower.

16. The process as claimed-in claim 13, comprising
steps of adding a basic compound solution as the
deactivator to the crude polymer in an amount of 0.3
to 7% by weight based on the crude polymer and heat
melting the resulting mixture without washing.

17. The process as claimed in claim 16, wherein the
basic compound solution as the catalyst deactivator is
an aqueous solution or organic solvent solution oflone
or more basic compounds selected among ammonia, amine
compounds, and oxides, hydroxides, inorganic acid
salts and organic acid salts of alkali and alkaline
éarth metals.

18. The process as claimed.in claim 13, whereip the
crude polymer yielded by the polymerization is
subjected to the catalyst deactivation after being
powdered to such a degree that the content of
particles having a particle diameter of 3 mm or
smaller is at least 90% by weight.

19. The process as claimed in claim 14, wherein the

heat melting is conducted in the presence of a

I |




. -48-

stabilizer.
20. The process as claimed in claim 14, wherein the
heat melting ié conducted in the presence of water in

an amount of 0.1 to 7% by weight based on the polymer.
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