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DESCRI PTI ON ..PROCESS FOR PRODUCTI ON OF STABI LI ZED

-OXYMETHYLENE COPOLYMER " Technical Field The presert!>
i Rvention relates to a process for producing a stabl e oxynethyl ene
copol yner by efficiently mxing-alstabilizer and/or an additive into

5 an oxynet hyl ene copolyner. More particularly, the pr esent
invention relates to a process forDBPERIRTHEN q stabilized

oxymet hyl ene copol yner, which conpri ses _subj ecting a crude

oxynet hyl ene copol yner to term nal : stabilization in an extruder (A)

having a term nal - L AL Z] ] ne for volatile

conponent s renoval an %$§$%3#¢%eﬁﬁg?ﬁ§£§9ﬁgﬁgﬁ§¥$§§§f%58 oxynet hyl ene

copolymer with a stabilizer Mzve, wherein the total or
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part of a nelt-kneading

mel t - kneadi ng a

pol yoxynet hyl ene 15 and a stabilizer and/or an additive in other

ext ruder (B) is fed in a nolten state into a section of the
extruder (A fpddiowd @l tpeldcuum zone for volatile conponent s
removal , to knead the termnal -stabilized oxymet hyl ene copol yner, the
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for producing a stable oxymethylene copolymer by
efficiéntly mixing a stabilizer and/or an additive into
an oxymethylene copolymer. More particularly, the
present invention relates to a process for producing a
stabilized oxymethylene copolymer, which comprises
subjecting a crude oxymethylene copolymer to terminal
stabilization in an extruder (A) having a terminal-
stabilizing zone and a vacuum zone for volatile
components removal and mixing the terminal-stabilized
oxymethylene copolymer with a stabilizer and/or an
additive, wherein the total or part of a melt-kneading
mixture obtained by melt-kneading a polyoxymethylene
and a stabilizer and/or an additive in other extruder
(B) is fed in a molten state into a section of the
extruder (A) following the vacuum zone for volatile
compénents removal, to knead the terminal-stabilized
oxymethylene copolymer, the polyoxymethylene and the

stabilizer and/or the additive.

Background Art

Mixing of a stabilizer and/or an additive



" Background Art

M xing of a stabilizer and/or an additive

-2- into a synthetic resin for inprovenent of properties of t he
-resin has heretofore been conducted by uniformy m xing a synthetic
resin powder with a stabilizer and/or an additive in a Henschel m xer
afid then heat- 5 nelting the resulting-n2xture in a single or double

screw extruder, . In the case of an oxynethyl ene copol yner,
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In the case of an oxymethylene copolymer, the
copolymer right after polymerization has thermally
unstable terminals [-(OCH,;),~OH] and therefore is
generally subjected to terminal stabilization in a
molten state by the use of a vent type screw extruder.
With respect to the mixing of a stabilizer and/or an
additive into a crude oxymethylene copolymer, JP-A-63-
196615 discloses completely melting a crude copolymer
in an extruder, then mixing therewith a terminal
stabilizer and an auxiliary in a pressurized region in
the extruder and continuously removing unstable
components from the crude copolymer. This publication
also discloses in examples a method for removing
unstable components wherein a melt-kneading mixture
composed of a stabilizer and/or an additive and
polyoxymethyléne is introduced into the pressurized
region in the extruder.

The position at which and the amount in which
the melt-kneading mixture is introduced into the
extruder, being disciosed-in the above publication,
however, results in problems of reduced thermal

stability, coloring, etc. of the resulting oxymethylene



ﬁfcgnﬁosed of a stabilizer and/or an additive and pol yoxynet hyl ene is

I ntroduced into the pressurized region in the extruder.

~The position at which and the anount in which 25 the nelt-kneadi ng
m xture is introduced into the extruder, being disclosed in the above
publ i cati on, however, results in prébfens of reduced thermal
stability, colorin etc of the resultin xynet hyl ene
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stabilizer and or t Itive is ed into the gas to be vented,;
thus, the gbovgrtdfl cofHutBedi $ndthadvashaficabfieab§Oek8ra@eROfhr

It is also known to subject a crude oxynet hyl ene copol yner to
term nal stabitblatide eomiponentst pemotraddtogintehnshifyi the sadham an
additive to a section of an extruder follow ng the vacuum zone for

15 vol ati | e rempuwatno$ velatile compohesteafer higherr terminal
stabilization, the stabilizer and/or the additive is
diffused into the gas to be vented; thus, the above

10 mixing is disadvantageous also in economy.

It is also known to subject a crude

oxymethylene copolymer to terminal stabilization and
then feeding a stabilizer and/or an additive to a
section of an extruder followiﬁg the vacuum zone for

15 volatile components removal. In this case, however,
direct feeding of the stabilizer and/or the additive
per se to the copolymer tends to invite poor dispersion
of the stabilizer and/or the additive; in order to
improve the dispersibility, a means such as making

20 larger L/D of the extruder, wherein L is the length of
the extruder in the direction of the rotation acxis and
D is the inner diameter of the extruder, is necessary.
This approach is disadvantageous in economy as well and
tends to invite the thermal deterioration of resin.

25 Hence, there has been strongly desired a
process for producing a stable oxymethylene copolymer
excellent in quality and economy, which is free from

the above-mentioned problems of the prior art.



"direct feeding of the stabilizer and/or the additive per se to the
cépol yner tends to invite poor dispersion of the stabilizer and/or
the additive; in order to i nprove the dispersibility, a means such as
maki ng 20 | arger L/D of the extruder, wherein L is the I ength of

the extruder in the direction of the rota#ien acxis and Dis the

I nner dianeter of the extruder, is necessary. Thi s approach is
d|sadvantageou@lﬁﬁléénﬁgnyfa§hﬁeEnV§n§10n tends to invite the thermal
deterioration of resin. nce, there has heen strongly
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stabilized oxyhet hyl ené copol yner conpri ses subjectlng a crude

oxynmet hyl ene cegfpyiBest Qub%ectlhgrgl Baudet akiyhezailene aopblgeruder (A)
havi ng a term nal -stabilizing zone and a vacuum zone for

vol atil e conpobephinadnetabildzabiennia aar ekbzbder1QA) hasting aed
oxynet hyl ene copol yner, separately nelt-
terminal-stabilizing zone and a vacuum zone for
volatile components removal to obtain a terminal-
10 stabilized oxymethylene copolymer, separately melt-
| kneading a polyoxymethylene and a stabilizer and/or an
additive in other extruder (B), feeding the resulting
melt-kneading mixture in a molten state into a section
of the extruder (A) following the vacuum zone for
15 volatile components removal so that the proportions of
the polyo#ymethylene to be fed from the extruder (B)
and the crude oxymethylene copoiYmer to be subjected to
terminal stabilization in the extruder (A) become 1:3
to 1:45 by weight ratio, and kneading the polyoxy-
20 methyléne, the stabilizer and/or the additive and the

terminal-stabilized oxymethylene copolymer.

Best Mode for Carrying Out the Invention
The present invention is described in detail
below. |
25 In the present invention, the polyoxy-
methylene to be melt-kneaded with a stabilizer and/or

an additive in the extruder (B) may be any of a



* kneadi ng a pol yoxynet hyl ene and a stabilizer and/or an additive in
ofher extruder (B), feeding the resulting nel t-kneading m xture in a
nolten state into a section of the extruder (A) follow ng the vacuum
zone for 15 vol atil e conponents renoval so that the proportions of
t e pol yoxynmet hyl ene to be fed fromthe~extruder (B) and the crude
oxynet hyl ene copol yner to be subjected to termnal stabilization in
‘the extruder (hRomeppebymen:and a copolymes, hgrwei ghxtunei themadfkneadi ng the
pol yoxy- 20 nmet hyl ene, the stabilizer and/or the additive and the
terninal -stabilized oxynfefyeshEudeso(Bieran be any pfse #BAELEOFCESY!yi ng
Qut the Inventio resent inﬁsntion #s described in
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t he extruder € any o - 5-

homopol Yy - o fa£2P0) ¥oRpondhtd PLEbYAE. ' NE'G8ht type double scredh®

extruder (A) can be any “a single screw ~extruder and a nultiple
screw extrudereRrrh@88 86 tbed pref828blylerthaabzxeiadelki {ByImaPNRaeRd 2
vacuum zone for 5 vol atil e conponents renoval. A vent type double screw

or may not have a vent hole, and may be a single screw
type.
The crude oxymethylene copolymer in the
10 present invention is a copolymer of formaldehyde or
trioxane with a cyclic ether and/or a cyclic formal and
has a thermally unstable group -(OCH,),~OH at part of
the molecular terminals. The word "crude" preceding
the term "oxymethylene copolymer" means the said
15 copolymer having the above-mentioned thermally unstable
group at part of the molecular terminals. Therefore,
the stabilization of the molecular terminals in the
extruder (A) is necessary.
In the present specification, the términal-
20 stabilizing zone refers to a section of the extruder
(A) wherein the unstable molecular terminals are
decomposed under pressure by the use of a terminal
stabilizer (e.g. a basic substance) and an auxiliary,
i.e. water and/or an organic solvent to stabilize the
25 oxymethylene copolymer. Since the sufficient kneading
of the crude oxymethylene copolymer, the terminal
stabilizer and the auxiliary is important, a screw

preferably used in the extruder is preferably



extruder is used preferably. The extruder (B) may have or may not
have a vent hole, and may be a single screw type. The
crude oxynet hyl ene copolynmer in the 10 present invention is a copol yner
of formal dehyde or trioxane with a cyclic ether and/or a cyclic

formal and has a thermal |y unstablkeégroup -(OCH err])[err]-OH at part
of the nol ecular termnals. The word "crude" preceding the term
"oxymet hyl ene Ggpat#hntednbnnknehéisaielementscépoaypérthavihgetWQOIG
above- nmenti oned tbernall¥ unst abl e roup part of the_nol ecul ar
ternminals. TheFegépm of the FﬁéméﬁﬁﬁrﬁFQH%lbﬁlﬁg Fﬁéennlgéﬁhakn?é?ﬁpﬁals in
t he extrug eces resent

speci fication, Erﬂ?ﬁage a2§lsxsF¥BFP|?Pﬁg zBﬁECFngpg FBMROEEL: i on of
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solvent to stabilize the Xy et erne copolymer |nce _
sufficient kneadi BJrange o®f thaeméﬂ.ﬁﬁi_ﬁg()?&ﬁﬁth?bkeﬂﬁecQﬁ%ﬁéﬁﬁ?lehaecbe-rm nal

stabilizer and the auxiliary is inportan a screw preferably used in
the extruder ipopyméer @bl 265°C and a particularly preferable tempef-
ature range is 190-230°C.

The vacuum zone for volatile components

10 removal refers to a section of the extruder (A) which
has a vent and wherein the unreacted monomers contained
in the crude oxymethylene copolymer, the formaldehyde
generated during terminal stabilization, the terminal
stabilizer, the auxiliary, etc. are removed under

15 reduced pressure.

The extruder (A) and the extruder (B) may be
connected by the use of, for example, a double tube, or
may be connected directly.

The basic substance used as terminal

20 stabilizer is particularly preferably ammonia or an
aliphatic amine'compound such as triethylamine,
tributylamine, etc. As other basic substances, there
are mentioned hydroxides, inorganic weak acid salts,
organic acid salts, etc. of alkali metals or alkaline -

25 earth metals. Specific examples thereof are hydrox-
ides, carbonates, phosphates, silicates, borates,

formates, acetates, stearates, palmitates, propionates,



“constituted by kneading el ements in a part or the whole region of the
termnal -stabilizing zone. Each kneadi ng el enent may be a disc type,
-but a bl ock type conposed of a plurality of kneading el ements nmay

al so be used. 5 The tenperature for termnal stabilization is
ih a range of the nelting point of the ex¥nmethyl ene co- pol ymer to
265[err]C and a particularly preferable tenper- ature range is

190- 230[ err] C.succinates, etc. gfiesQAiWyum BOFRSSbIMy JragnesiwBaponents 10
renoval refers to a section of the extruder (A) which has a vent and
wherei n the urfRtEl o RAEF ¥ cont ai ned in the crude oxynet hyl ene
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be connect exanp may

be connectged dl : - i t u rm nal
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basi ¢ substances, there are nentioned hydrOX|des, I norgani ¢ weak acid
salts, EQPts £ Gegdan bl dcid esg1t9f etdal of '®1kABi ohethakel bhe 25
earth nmetals. Specific exanples thereof are hydrox-, i des,

car bonat es, phaokgibims,earth ceeesls potlad esmount added nbs ekimibted ates?
Stearates, palmtates, propionates,
to 5,000 ppm because of the problems of coloring, etc.

10 In the extruder (B) were melt-kneaded

polyoxymethylene and a étabilizer and/or an additive.
Preferably 50-100%, more preferably 70-100%

of the resulting melt-kneaded mixture is fed into a

section of the extruder (A) following the vacuum zone

15 for volatile components removal, with the molten state
being kept. When the amount fed into the said section
of the extruder (A) is less than 50%, the resulting
oxymethylene copolymer has problems in quality,
coloring, etc.

20 In the present invention, the extruder (A) is
preferably a double screw extruder, and the section of
the extruder (A) following the inlet for the polyoxy-~
methylene containing a stabilizer and/or an additive
has an L/D of preferably 0.5-25, more preferably 1-20.

25 when the L/D is less than 0.5, the uniform mixing of
the oxymethylene copolymer, the polyoxymethylene and

the stabilizer and/or the additive is difficult. When

the L/D is more than 25, the resulting oxymethylene



YA succi nates, etc. of sodium potassium magnesium cal ci um

or barium The anmount of these basi.c substances added is
0.01-5 parts by weight based on the oxynethylene 5 copolynmer in the case
of ammoni a or the am ne conpounds and, in the case of hydroxides,

i forgani ¢ weak acid salts, organic Bcid salts, etc. of alkali netals
or al kaline earth netals, the anmpunt added is |imted to 2 to
5, 000 ppn1becaﬁ§E°$Ym?ﬁeh§§oﬂlBﬁﬁbéPmePthﬁﬁmaétEtab&éltY- | In the
extruder (B) were nelt-kneaded ene and. a_st abil

and/ or an additive. The proporti é? ggg éHZGGUFeFBYéeBFeFQrﬁﬁly

70- 100% I d fed

section of the SﬁtfgaéféﬁﬁﬁéggFg§ g SﬁggaaghXtu%ﬁﬂésof§m9£$3?e98IatiIe
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coloring, etc. t he present i nventi on e extruder (A
I's pref enabby ﬁoQQU§kéfé§aBmyezt=5Uder1 30¢ hhe b9CWwe@ghef ratio. the
extruder (A) following the inlet for the pol yoxy- met hyl ene

contai ni ng a shaprbpoetiendbfir the egddei veymethylene copolymer
smaller than the above results in poor economy. With a
proportion of the crude oxymethylene copolymer.larger
10 than the above, the concentration of the stabilizer
and/or the additive in the polyoxymethyléne in the
extruder (B) has to be very high in order to feed a
required amount of the stabilizer and/or the additive
to the extruder (A), which makes difficult the disper-
15 sion of the stabilizer and/or the additive in the
polyoxymethylene in the extruder (B) and invites the
thermal deterioratioh, discoloration, etc. of the
stabilizer and/or the additive. Furﬁher, screw
slippage, etc. occurs depending upon the kind of
20 stabilizer.and/or additive used, réducing the opera-
bility of ﬁhe.system. Furthermore, the uniform
dispersion of the polyoxymethylene and the stabilizer
and/or the additive in the oxymethylene copolymer in
the extruder (A) is difficult and the resulting
25 oxymethylene copolymer has reduced ﬁhermal stability.
With respect to the resin properties of the
oxymethylene copolymer and the polyoxymethylene both

used in the present invention, the ratio of the MI of



“has an L/D of preferably 0.5-25 nore preferably 1-20. 25 When the L/D
IS less than 0.5, the uniformm xing of t he oxynet hyl ene copol yner,
1t he pol yoxynet hyl ene and the stabilizer and/or the additive is
difficult. Wen the L/Dis nore than 25, the resulting oxymnethyl ene
- 8- copol yner has a problemin thernll =stability. The
proportions of the ponoxynetthene to be fed fromthe extruder (B)
and the crude BR§nBPhyPEvRethyleneope| baefedof samstihpeextgudsrt éBii nal
“stabilization in, 5 the extruder (A) are 1:3.to 1:45, preferably 1:5 to
1: 40, nore prefBiabh§ Y¥Isof othesprude| oxymGEhyhene,cpBOlYmer t@ Beoportion

poor econony. DHpReated o ERELRR aeapit FERE et By he: FyF eESEO B ymer
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and/or the additive to the extruder (A), which makes difficult the
di sper- 15 ﬁiﬁﬂn@fofhehetpbnyozymeanﬁieﬁetaﬁdadﬂetbxymeﬁhzmene

pol yoxynmet hyl ene in the extruder (B) and invites the t her mal
deterioration, cdpetgheraisodiféiculet the stabi'lizer and/or the

additi ve. Further, screw
In the extruder (A), it is preferable that

the amount of formaldehyde in the oxymethylene
10 copolymer after terminal stabilization and volatile
components removal under reduced pressure, which is
formed by the decomposition of unstable terminals or
which is present as residual formaldehyde, is
controlled at 1,000 ppm or less. When the amount of
15 formaldehyde is more than 1,000 ppm, there arise
problems such as coloring of oxymethylene copolymer and
the like.
According to the present invention, an
stabilizer and/or an additive can be stably and
20 unifbrmly mixed into the crude oxymethylene copolymer,
and an oxymethylene copolymer excellent in quality and
economy can be obtained.
In the present invention, there can be used,
as the stabilizer and the additive, known stabilizers
25 and additives added to oxymethylene copolymers, that
is, an antioxidant, a formaldehyde catcher, a light
stabilizer, an ultraviolet absorber, a lubricant, a

nucleating agent, an antistatic agent, a filler, talc,



“slippage, etc. occurs depending upon the kind of 20 stabilizer and/or
additive used, reducing the opera- bility of the system Furthernore,
the uniform di spersion of the pol yoxynethyl ene and the stabilizer
and/or the additive in the oxynethylene copolyner in t he extruder (A)
IS difficult and the resulting 25 oy lyl ene copol ymer has reduced
thermal stability. Wth respect to the resin properties of
t he oxyn®ERyl ene copol ymer and the polyoxynethylene bot h used

in the present invention e ratiop of
-9- t he polyoxynet ?eﬂ% 6“5%°¥%ﬁa?FonF?ﬁEeeﬁ??uB%rm?BF1°ned'and t he
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pr ef erabl e t hat t he anmoun or mal dehyde i n the oxynethylene 10
copol yner afte(3t psm-daltsbabyligathgdrengphehglpeopionategnmposgents

renmoval under reduced pressure, which is formed by the deconposition
of unstabl e t chexanédiol bis-(3w(Bgh-di-prbatyl-dshydsoryphehyiiyal dehyde,
'S propionate, 1,4-butanediol bis-(3-(3,5-di-t-butyl-4-
hydroxyphenyl)propionate, triethylene glycol bis-(3-(3-
10 t-butyl-5-methyl-4-hydroxyphenyl)propionate; tetrakis~
(methylene 3-(3’,5’-di~t-butyl-4’-hydroxyphenyl )pro-
pionate methane, N,N’-bis(3-(3,5-di~-t-butyl-4-
hydroxyphenol )propionyl )hydrazine, N,N’'-tetra-
methylenebis-3-(3’'-methyl-5’-t-butyl-4-hydroxyphenol)-~
15 propionyldiamine, N,N'-bis-3-(3',5'-di-t-butyl-4—
hydroxyphenol )propionylhexamethylenediamine, 3-(N-
salicyloyl)amino-1,2,4-triazole, N,N’-bis(2-(3-(3,5-
dibutyl-4—hydroxyphenyl)propionyloxy)ethyl)oxyamide,
etc. These antioxidants may be used singly or as
20 admixture of two or more. The amount of the anti-
oxidant used is preferably 0.01-3 parts by weight, more
preferably 0.03-1 part by weight per 100 parts by
weight of the oxymethylene copolymer.
The formaldehyde catcher is typically a
25 nitrogen-containing compound reactive with formaldehyde
and includes, for example, polyamide resins, amide

compounds, urea derivatives, triazine derivatives,

urethane compounds, etc. The formaldehyde catcher



controlled at 1,000 ppmor |ess. Wen the amount of 15 fornmal dehyde is
nmore than 1,000 ppm there arise probl enms such as col ori ng of
~oxynet hyl ene copol yner and the |ike. According to the
present invention, an - stabilizer and/or an additive can be stably and
20 uniformy mxed into the crude oxynéﬁhylene copol yner, and an

oxyTeL Ml ene. SgBoLYEP FHF Sl Eladg AURA 1Y, SMhon 11, SEEBTALE" 0,
o5 0, 512011 Pl N 4116, PROR 60010 285 Eon /BT hpth 1 v

for mal dehyde ced@/6i10 dakd Hlon 6/656A0i1078imidn abd rawialsiqapgorber, a

| ubricant, a nucl eating agent, an antistatic agent, a filler, talc,
- 10 - etdondensation of a d¥aniilfe did OXidiBddrbdHEl £c Cadidg menti oned,

for exanple, n-octadecyl 3-(3',5 -di-t-butyl-4"-
hydr oxyphenyl )qomiensst on rod cmiles ydciddg 3' rimghyperting polymeriza-
t-butyl -4' - hydr oxyphenyl ) propi onate, n-tetradecyl 3- '
(3',5" -di-t-butidn 20f hydiaxtamherngtg proplyaside desins such haxpelly (8-
bi s-(3-(3,5-di-t-butyl-4-hydroxyphenyl) - propi onate, 1, 4-butanedi ol
bi s- (3- (3, 5-dialamwineg) -and the like; amide compounds such as stearyl-
stearamide, stearyloleamide, stearylerucamide,
ethylenediamine-distearic acid amide, ethylenediamine-
10 dibehenic acid amide, hexamethylenediamine-distearic
acid amide, ethylenediamine-dierucic acid amide,
xylylenediamine-dierucic acid amide, di(xylylene-
diamine-stearic acid amide), sebacamide and the like,
which are formed by an aliphatic monocarboxylic acid,
15 an aliphatic dicarboxylic acid, an aromatic mono-
carboxylic acid or an aromatic dicarboxylic acid and an
aliphatic monoamine, an aliphatic diamine, an aromatic
nonoamine or an aromatic diamine; urea derivatives such
as N-phenylurea, N,N’-diphenylurea, N-phenylthiourea,
20 N,N’-diphenylthiourea and the like; triazine
derivatives such as melamine, benzoguanamine, N-
phenylmelamine, melem, N,N’-diphenylmelamine, N-
methylolmelamine, N,N’-trimethylolmelamine, 2,4-
diamino-ﬁ-cyclohexyltfiazine, melam and the like; and
25 so forth.
These nitrogén-containing compounds may be

used singly or as admixture of two or more. The amount

of the nitrogen-containing compound added is preferably



“hydr oxyphenyl ) propi onate, triethylene glycol bis-(3-(3- 10 :

t ~but yl - 5- met hyl - 4- hydr oxyphenyl ) pr opi onate, tetrakis- (met hyl ene
3-(3",5 -di-t-butyl-4"-hydroxyphenyl) pro- pi onat e net hane,

N, N -bis(3-(3,5-di-t-butyl-4- hydr oxyphenol ) pr opi onyl ) hydr azi ne,

NN -tetra- met hyl enebi s- 3- (3" -met @ -5' -t - but yl - 4- hydr oxyphenol ) -
15 propi onyl diam ne, N, N -bis-3-(3",5 -di-t-butyl -4-

hydr oxyphenol ) ®r 8br2nPREER ¥t V9ightdi Baraecprgferpbly 0.03-1 part by
salicyloyl)amno;1, 2, 4-triazole, N N -bis(2-(3-(3, 5-
dibuty|-4-hydrﬁﬁyéhEnQ?fpigéiBﬂ§F6x9¥evﬁ§é9Bx9£th%,°meeth¥%8PeThese

anti oxi dants na%be used singly or as 20 adm xture of two or nore. The
amount of the SRPP=Y™SX:  oxidant used is preferably 0.01-3 parts by

wei ght, nore prefegab 03: y Lght ; pe tg by
wei ght of the oxynethyle%g %g%gry%%%PPfi&ep’ %ﬁégg i8 %ﬁégggﬁﬁglgehyde

catcher 1 s5typhealéYclmpdund E&b&?%?”éfoﬂé £P£B9f§§ﬁPgHPﬂiE?QEEHYe.S%th

f or mal dehyde and Fncludes_ or exanple, poly e resins, am
conpounds, uregndPhd¥s}i 88, ekampIbNengarbydab¥§Sinorganibl GEARNEcid

conmpounds, etc. The formal dehyde cat cher specifically
i ncl udes nyl ons&ltayl opgddicnyatdd 8alts, etchybfnabkaliymeBabkebr] 10, nyl on
6/6[err]10, nylon 6/6[err]6, nylon 6[err]6/6[err] 10 and nyl on

6/ 6[err] 6/ 6] eralk8linki earthemebaisnedSpgcific examples thereof are
hydroxides, carbonates, phosphates, silicates, borates,

10 formates, acetates, stearates, palmitates, propionates,
succinétes, etc. of sodium, potassium, magnesium,
calcium, or barium.

These basic compounds may be used singly or
as admixture of two or more. The amount of the basic
15 compound used is preferably 0.01-3 parts by weight,
more preferably 0.03-1 part by weight per 100 parts by
weight of the oxymethylene copolymer.
Some of the stabilizers and édditives are not
reacted with the terminal stabilizer or the formal-

20 dehyde generated during terminal stabilization and are
thermally stable. Such a stabilizer and/or an
additive, when used, may be directly and by itself
added to the extruder (A) separately from the extruder
(B) before terminal stabilization, if economy is

25 ignored.

Next, the present invention is described more
"specifically by way of Examples. However, the present

invention is not restricted to these Examples unless it



“condensation of a diamne and a dicarboxylic acid, 5 condensation of am no
aci ds, ring-opening polyneriza- tion of a lactam etc; pol yam de
tesins such as poly([err]- al anine) and the |ike; am de conmpounds
such as stearyl - .. stearam de, stearyl ol eam de, stearyl erucam de,

ethyl enedi ami ne-di stearic acid ani de, eth3 enedianine- 10 dibehenic acid
am de, hexanet hyl enedi am ne-dj stearic acid_ am de
ethylenedlan1ngeHFéFﬁﬁlgraﬂlahﬁnﬁﬂepe of th?yF}PéﬂédlawpﬁesHP§F88F65a0|d

d d | d a d dth
fas @OV Y alCherhods 580, 18, the bkdmpleR, A0earbo SOt O%Re 4 15 s

li ke, r8¥8¢id, 15 an
al i phatic dicarboxylic acid, an aronatlc nono- carboxylic acid or an
aromati c di carboxylic acid and an al i phati c nonoam ne, an aliphatic

di am ne, an ar E?tiﬁroduct 8H”8§3F96d8ro%9NéE§?E%hE GB?EHQﬁérurea

derivatives su phen urea enyl

N-phenyl thiourea, 20  irhoxdhBNgRYkGheyrea, Qualbkelbh&e(4tslﬁéuae%
derivatives such as nel am ne, benzoguanan1ne phenyl el am ne,

mel em N, N6- di peenpblel afii Bgioklane) andﬁbbhwhOkﬁEEaﬁbﬁQde dibutyl

N, N -trimethyl ol nel am ne, 2, 4- di am no- 6- cycl ohexyl tri azi ne, nelam
and the |ike; etHer@fe aso poiymerlzatlon catalystTthé5xﬂ0ﬂbg&ﬂ&dontalnlng
conmpounds may be used singly or as adm xture of two or nore. The
anount owergecantivyensdynfedningocenpontdnaddedmizepr ehdr abl y

reactor constituted by two rotary shafts each provided
with a plurality of paddles, the paddles of one shaft
10 being engaged with the paddles of the other shaft. The
. polymer discharged from the reactor was introduced into
a 1% aqueous triethylamine solution in a nitrogen atmo-
sphere to conduct a deactivation treatment for 1 hour.
The resulting polymer was collected by filtration and
15 dried to obtain a crude oxymethylene copolymer. The

polymer had an MI of 9.8.

(2) Extruder (A)
A 30 mm anisotropic double screw extruder
having a ferminal-stabilizing zone constitufed by
20 kneading elements and a vacuum zone for volatile
components removal. The extrusion temperature was
200°C and the L/D of the section follow1ng the inlet

for feed from an extruder - (B) was 5.

(3) Extruder (B)

25 A 30 mm anisotropic double screw extruder



.17 - ~ 0.01-2 parts by weight, nore preferably 0.03-1 part by

wei ght per 100 parts by wei ght of the oxynethyl ene copol yner.

As ot her stabilizer, there is nmentioned a 5 basi ¢ conpound capabl e of
neutralizing formc acid. It i ncl udes, for exanple, hydroxides,

i horgani ¢ weak acid salts, organic ¥id salts, etc. of alkali netals
or - al kaline_earth metals. Specific _exanples thereof are

hydr oxi des, cah®bhRgcBO PRBSpHascused; | | Theegxtrushpastemperasurgt was
acetates, stearates, palmtates, propionates, succi nates, etc. of
sodi um potass?ﬂ Cﬂﬂagnesiun1 calcium or barium

These basi c conpounds may be used singly or ' as adm xture of two or

nore. The anount of the basic 15 conmpound used is preferably 0.01-3
parts by weigh e_pr 3- y wei ght per 100 parts
by meightE%? tﬁ%?ggén%?hg%gﬁggé%%g?gn%%?8§££§a ~Sone of the
stabilizers and addltlvegxﬁigsggg s the' 8AShAL 8§t?o£ﬁ§l&§§?38al
20 e na

stabilizer or the formal- yde generated during teri
stabilizats on gefefafed when! HEatBA! ¥tSh30E. IHd ForAMUINYRE gdgl/ or an

addi tive, when used, may be directly and by itself added to the
extruder (A) sggaspated AtOPBONE ft raflakinutes IBniefsyeén twagn nal
stabilization, if econony is 25 ignored. Next, the present

invention is deiléwd@dtsobe absorbed by water and then titration was

conducted to measure the amount (ppm) of formaldehyde.

(5) TGA
10 A time (min) up to when 5% reduction in

weight takes place at 230°C in air.

(6) Color (bl: yellowness)
| Measured by the use of a color difference
meter (MODEL 1000 DP, a product of Nippon Denshoku

15 Kogyo Co., Ltd.).

(7) MI (ASTM D1238)

Flowability was measured by the use of MELT
INDEXER, a préduct of Toyo Seiki, under the conditions
of 190°C and 2,160 g load (g/10 min).

20 Example 1 (present invention)
Ninety parts by weight of a crude oxy-
methylene copolymer was fed into an extruder (A). In |

the extruder (A), the fed crude oxymethylene copolymer



’spedifically by way of Exanpl es. However, the present I nvention is
net restricted to these Exanples unless it

- 13 - deviates fromthe scope of the clains. The substances and
nmet hods used in the Exanples are as foll ows. (1) Production of crude
~oxynet hyl ene copol yner -Tnisoxane (3 kg/hr), 1, 3-di oxol ane

(4.5 nole % 5 per nole of trioxane) and boron trifluoride dibutyl
etherate as povasresénttunterpreysere 0taskhe[ terpinglestabilizinge
continuously fed into a continuous m xer and reactor constituted by
two rotary sha??%eéﬁbhlﬁr%®+8%dheat‘me%ﬁ?ﬂ a PrutBei E§rBinddddl es, the
paddl es of one_ s bei ng. e with,t ddl es_of the other
shaft. The %+§h%9 ﬁ?g%ha?gg rg?dh¥t“%19€§c$g wggr?ﬁ?? duced into
a 1% aqueous t o] e eto
a?figg% g % éé Qr %tﬁ%féﬁlgg Qofﬁﬁgo?ésﬁ??lgaggé

conduct a deac rvatron f Or ng pol yner

was col |l ecd ed py {ﬁét&gﬁéegggyﬂ %ﬁg ngré§ﬂ igmgpt@gncgn§g§getﬂéynethyIene'

copolymer. The Extruder (A)
A 30 ””‘a”'SOt€@§m£nQPUQ£§bfPi£&tféﬁréﬂeﬁhe copolgiefY and the

tern1na| stabilizing zone constituted by

stabilized copolymer was sent under pressure to the
next vacuum zone for volatile coﬁponents removal. In
the vacuum zone for volatile components removal, the

10 fofmaldehyde generated associated with the terminal
stabilization and the like were removed out of the
system by pressure reduction. Separately, into an
extruder (B) were fed 10 parts by weight of a poly-
oxymethylene (a copolymer of MI=9.2), 0.3 part by

15 weight of an antioxidant [N,N-bis(3-(3,5-di-t-butyl-4-
hydroxyphenol )propionyl)hydrazine] and 0.2 part by
weight of a heat stabilizer (St-Ca), and they were
melt-kneaded. The whole of the melt-kneading mixture
was fed in a molten state into a section of the

20 extruder (A) following the vacuum zone for volatile
components removal and was kneaded with the terminal-
stabilized oxymethylene copolymer, after which the
kneading mixture wés pelletized.

Separately from the ébove operation, there

25 was measured the amount of formaldehyde in the
oxymethylene copolymer after terminal stabilization and
volatile components removal under reduced pressure,

which was generated by the decomposition of unstable



*20 “kneading el enents and a vacuum zone for volatile conponent s
rremoval . The extrusion tenperature was 200[err] C and the L/D of the
section follow ng the inlet for feed froman extruder (B) was 5.

(3) Extruder (B) 25 A 30 mm ani sotropi c doubl e screw extruder
- 14 - having no vent was used. The B&t+usion tenperature was

200[ err] C (4) Amunt of formal dehyde generated

Expressed as tkermipads endf whighdwapdpresentgaseresdiduaieformatied at
230[err]C. Th or.mal dehyde gas generated at 230[err]C for_ 40
ninLtes]in nitﬁ& ¥fenas Added %QIFaﬁeexﬂweﬁgyéﬁ§6rG@@Oﬁymﬁﬁt@PsanéOFhen

titration was Qnduct.ed to neasure th unt .(ppo)_.of fornmal dehyde.
(5) TGA 10 preventich) b %ECPHHPR)“&&PO S R Rt GBSy LY an
wei ght takes p . [ G Lr. (8) _Gal or . (bl .. yell owness)
Measured by théi§§g§gpgggc3&%#Q§P$9%P§n éYCOl b1§?3 ?% ¥ Aﬂ%le%e
5 methyl-4-hydroxyphenyl )propionate]), and the copolymer
was subjected to terminal stabilization in the extruder

(A). - The amount of formaldehyde measured was 510 ppm.

Example 2 (present invention)

10 Terminal stabilization and volatile compo-
nents removal were conducted in the same manner as in
Example 1 except that the amount of the polyoxy-
methylene containing an antioxidant and a heat
stabilizer, fed into a section of the extruder (A)

15 following the vacuum zone for volatile components
removai was changed to 9 parts by weight and remaining
1 part by weight was fed into the terminal—stabilizihg
zone of the extruder (A). The resulting oxymethylene
copolymer was pelletized.

20 The amount of formaldehyde in the oxymethyl-
ene copolymer after terminal stabilization and volatile
components removal under reduced pressure, which was
generated by the decomposition of unstable terminals

and which was present as residual formaldehyde, was 520

25 Ppm.

Example 3 (present invention)

Terminal stabilization and volatile compo-



“meter (MODEL 1000 DP, a product of N ppon Denshoku 15 Kogyo Co., Ltd.).
(7) M (ASTM D1238) Fl owabi l ity was neasured by the use of
MELT | NDEXER, a product of Toyo Sei ki, under the conditions of
190[err]C and 2,160 g load (g/10 mn). 20 Exanple 1 (present

i nventi on) Ni nety parts-b}7wei ght of a crude oxy-

met hyl ene copol yner was fed into an extruder (A). In t he extruder
(A), the fed cPERESOXPREVAY WeEec§epApsEpd in the same manner as in

- 15 - was sent under g%ess re to the Lerqinal-%t bi,lizin zone
whi | e bei ng hek¥amBleed. SFFSPhe thafnithg antioxidank; fes 4ntosfbe 3 parts py

Rdded 5 to PREZBFEHe (Bl HBBnSPEREEoRS Jner BA5 oadRi oo oF 2,20 - "
Lo ol ot a1 bty BAeRl s 2R RGALREL bR LHEnoL ) . BhADEAd Pl v
Fombval . the  TETmerbRAens. foRSTRkRE, Mk PALISE AR i th Che term na
stabilization and the |ikraevameuhtmeredodialdehyde in the oxymethyl-
ene copolymer after terminal stabilization and volatile
components removal under reduced pressure, which was

generated by the decomposition of unstable terminals

10 and which was present as residual formaldehyde, was 500

ppm.

Example 4 (present invention)
Terminal stabilization and volatile compo-
nents removal were conducted in the same manner as in
15 Example 1 except that the antioxidant and stabilizer
fed into the extruder (B) were changed to 0.2 part by
weight of triethylene glycol bis[3-(3-t-butyl-5-methyl-
4~hydroxyphenyl )propionate] and 0.2 part by weight of
nylon 66, respectively. The resulting oxymethylene
20 copolymer was pelletized.

The amount of formaldehyde in the oxymethyl-
ene copolymer after terminal stabilization and volatile
components removal under reduced pressure, which was
generated by the decomposition of unstable terminals

25 and which was present as residual formaldehyde, was 530

ppm. ‘



‘3ystbn1by pressure reduction. Separately, into an extruder (B) were

fed 10 parts by weight of a poly- oxynet hyl ene (a copol yner of
M=9.2), 0.3 part by 15 weight of an anti oxi dant

[N, N-bi s(3-(3,5-di-t-butyl-4- hydr oxyphenol ) pr opi onyl ) hydr azi ne] and
0-2 part by wei ght of a heat stabt+ll8er (St-Ca), and they were

mel t - kneaded. The whol e of the nelt-kneading m xture was fed in a

nmol ten state i Mxampleedt |(®¥Q§F‘-’nt‘7nénvmltl%§6truder (A) followi ng the vacuum
zone for volatile gnent s remnpval and mas kn ded with the

term nal - stablllzé['(? A 1&9&61%&“ é’f"t tide GPmMBRs

kneadi ng m xture eIIe

Iz arate from t.he above
oper at i on, { herEnt: e“was?&ng'a?ﬁ?r SPE S IR & “Féﬁ&? e &% Yhe
oxymnet hyl ene c%gg}“%ﬁ%r afetxg er, I sl %EQ.] - volatile
conponent s renoval “under (f#t Srq'ggiu%r%mél&atdam Was generat ed by the
deconposi t i5on %&dﬁfﬂfﬂéfafed into the extruderlﬁi) were changed t -

term nal s and which was present as residual for dehyde. Added to

the oxymet hyl eprnteREWIR t48S tt@akis ( 3- (F,Sibuty10f4 dgenrmasal tion of
the main chain, only an antioxidant (triethylene glycol

bi s[ 3- ( 3-t - but Whemyl )propiwinate )4 -andl riox/ pdaarty Iby magdightated] me lamdiridne

copol yrer was subjected to termnal stabilization in the extruder
respectively. The resulting oxymethylene copolymer was
pelletized.

10 The amount of formaldehyde in the oxymethyl-
ene copolymer after terminal stabilization and volatile
components removal under reduced pressure, which was
generated by the decomposition of unstable terminals

and which was present as residual formaldehyde, was 520

15 ppm.

Example 6 (present invention)

Terminal stabilization and volatile compo-
nents removal were conducted in the same manner as in
Example 4 except that 0.2 part by weight of melamine

. 20 was further added as another heat stabilizer fed into
the extruder (B). The resulting oxymethylene copolymer
was pelletized.

The amount of formaldehyde in the oxymethyl-
ene copolymer after terminal stabilization and volatile

25 components removal under reduced préssure, which was
generated by ﬁhe decomposition of unstable terminals

and which was present as residual formaldehyde, was 530



:(A).‘The anount of fornmal dehyde neasured was 510 ppm Exanpl e 2

(present invention) 10 "Term nal stabilization and volatile
conpo- nents renoval were conducted in the same manner as in

Exanpl e 1 except that the amount of the pol yoxy- met hyl ene cont ai ni ng
an anti oxi dant and a heat stabilized9 +ed into a section of the
extruder (A) 15 . follow ng the vacuum zone for volatile conponents
renoval was ch®@gped to 9 parts by wei ght and renmaini ng 1 part by

wei ght was fed into the termnal-stabilizing zone of the extruder

(A). The resulting oxynethyl ene copol yner was pelletized. 20

The anount of fornaldehyde in the oxynethyl - ene copol yner after
terninal stabil %ﬁﬂ@i%ﬁ9q£¥§ﬁﬁ%ﬁ'lﬁP'entlg@bnponents renoval under reduced

S, T L ST S S

termnal s and whi ch™ Was present as Tesl
ppm 5&?%}?&@ £58lrd WG in th &F G
stabilization an vofé?ﬁ?é conﬁ%- 044 in the same mandéf “n - 17

- nentss r ekl leel CeXAEitiCEIRsk | thé NEnS@TE FRNDKE ESudé oxy-
methylene copolymer fed into the extruder (A) was
changed to 95 parts by weight and, in the extruder (B),
the amount of the polyoxymethylene fed was changed to 5
parts by weight and there were added 0.3 part by weight

10 of an antioxidant (N,N’-bis-(3-(3,5-di-t-butyl-4-
hydroxyphenol )propionyl )hydrazine) and 0.2 part by
weight of a heat stabilizer (melamine). The resulting
oxymethylene copolymer was pelletized.

The'amount of formaldehyde in the oxymethyl-

15 ene copolymer after terminal stabilization and volatile
components removal under réduced pressure, which was
generated by the decomposition of unstable terminals
and which was présent as residual formaldehyde, was 540 .

ppn.

20. Example 8 (present invention)

Terminal stabilization and volatile compo-
nents removal were conducted in the same manner as in
Example 1 except that in the extruder (A), the L/D of
the section following an inlet for a polyoxymethylene

25 containing a stabilizer and/or an additive was changed

to 3 and, in the extruder (B), the antioxidant and heat



"Exaﬁple 1 except that the antioxidant fed into the extruder (B) was
changed to 0.2 part by weight of 2,2'-

aret hyl enebi s(4-met hyl - 6-t-butyl phenol). The resulting 5 oxynet hyl ene
copol ymer was pelletized. The amount of fornmal dehyde in the
oxynet hyl - ene copol yner after terthal stabilization and volatile

" conponents renoval under reduced gressure, whi ch was generated by the
deconposi ti on 8tabhliagrebethntaabe fed togatheni vhthad pePd¥ery-as resi dual

f or mal dehyde, was 500 ppm Exanpl e 4 (present invention)

Terni nal st abi FeYRY18Re aNETG oFRRNgRdERPS: 2 Part Ry veighfoQhl 2wérs

conducted in the, sa nner ,as | 1 le 1 ce hat _th

ant i oxi dant aﬁﬂegﬁxgnggé?'(4'me££¥a°gﬁFBE§ﬁ§EB§??agiragé)bwgrgafﬁaﬁﬁed to

0.2 part by . i ght reeth bi - (3: | - 5- et hyl -

4- hydr oxyphenyY ) pPopi %ga{lg}o}én By, %%ﬁ?fg?y‘%r gh?{lgf éés{ﬂ’&!% 8%5’66,

respectivety. t} t e : opol ymer was pelletized.

The annun?gof %%?%gfggéysgg?%yﬁﬁg gé%nﬁ?%%%glzea ene copol yner after

termnal stabilization apfevehatiht€of form&2HBAPABt $nl EABVakykBERL1Leduced
pressure, which was generated by the deconposition of unstable

termnals 25 enéndopblgheraafpeesesimifialestdballizativhdahddeolnds1e30
ppm _
components removal under reduced pressure, which was
generated by the decomposition of unstable terminals

10 and which was present as residual formaldehyde, was 540

ppm.

Example 9 (present invention)
Terminal stabilization and volatile compo-

nents removal were conducted in the same manner as in

15 Example 1 except that in the extruder (A), the L/D of
the section feollowing an inlet for a polyoxymethylene
containing a stabilizer and/or an additive was changed
to 10 and, in the extruder (B), the antioxidant and
heat stabilizer both to be féd together with a

20 polyoxymethylene wefe changed to 0.2 part by weight of
triethylene glycol bis[3-(3-t-butyl-5-methyl-4-hydroxy-
phenyl )propionate] and 0.3 parf by weight of St-Ca,
réspectively. The resulting oxymethylene copolymer was
pelletized.

25 - The amount of formaldehyde in the oxymethyl-
ene copolymer after terminal stabilization and volatile

components removal under reduced pressure, which was



3

- 18 - Exanpl e 5 (present invention) Term na
stabilization and vol atil e conpo- nents renoval were conducted in the
:sanme manner as in Exanpl e 1 except that the antioxidant and heat 5
stabilizer fed into the extruder (B) were changed to pent aerythrityl
tetrakis(3-(3,5-t-butyl-4-hydroxy- - 2ghenyl ) propi onate) and 0.2 part by
wei ght of nel am ne, respectively. The resul ting oxynethyl ene ,
copol yner was generateq |y the deqomposition of ypgtabd@nterninrdlifal dehyde
in the oxymnet

hyl< | fter.terninal i Li zat | d
volatite T SR ieh SAF RERRPHE R, rrEiteh brERelRERYIRy Creanas0

generated by the deconposition of unstable termnals and whi ch was
present as r estRal f or mal dehyde, was 520 15 ppm Exanpl e 6
(present invention) Term nal stabilization and volatile
conpo- nents renoval were conducted in the same manner as in

Exanpl e 4 excepiahhpé Po2(présehlY YRVGREiGh)Melamne 20 was further
added as anot her heat stagllizer fed into the extruder (B). The
resul ting mxynmet hyl ene cpgphif®l stabiliB&tPéhl| ghdzedlatile compo- The

amount of formal dehyde in the oxynethyl -
nents removal were conducted in the same manner as in

Example 4 except that the polyoxymethylene fed into the
extruder (B) was changed to a copolymer of MI=3.2. The
resulting oxymethylene copolymer was pelletized.

10 The amount of formaldehyde in the oxymethyl-
ene copolymer after terminal stabilization and volatile
components removal under reduced pressure, which was
generated by the decomposition of unstable terminals
and which was present as residual formaldehyde, was 520

15 Ppm.

Example 11 (comparison)

Added to 100 parts by weight of a crude
oxymethylené copolymer were 0.3 part by weight of an
antioxidant (N,N’-bis(3-(3,5-di-t-butyl-4-hydroxy-

20 phenol)propionyl)hydrazine) and 0.2 part by weight of a
heat stabilizer (melamine). They wére stirred and
mixed in a Henschel mixer for 10 minutes and fed into
an extruder (A). In the extruder (A), the crude
oxymethylene copolymer and stabilizer fed were sent

25 under pressure to thelterminal—stabilizing zone while

being heat-melted. 1In the terminal-stabilizing zone, 3



‘ene copol yner after terminal stabilization and volatile 25 conponents

renoval under reduced pressure, which was generated by the .
deconposi tion of- unstable tern1na|s and whi ch was present as residual
f or mal dehyde, was 530 - 19 - ppm
Exanpl e 7 (present invention) - 22 - Termnal stabilization and
vol atil e conpo- nents renoval were conducted in the sanme nmanner as in

5 Exanple 1 E?EEEthhﬁﬁighé aﬁoanteyminhé étabéléxyr (aquepushyl ene
copol ymer fed jnto # extruder g changed to 95 parts by wei ght
and, in the exFFugE Y?ETlne solp é°§hnﬂﬂ§ Bﬂd?ﬁetﬁoFbéxyﬁE@ﬁypéﬁe fed was

h d 5 b dth dded art _by wei ght
Toof an antPeRPEERRS RERPTHAEE 85 sondur, Eh, ferainal sabiitar

h f a heat
oY ab 1) Dor (e PAOR, 88YthdY E6B01 PhibrANEnd %hgiy%%?%§%5ﬁ8 chEBiThe? vae o
pelletizeds gent to the nei@e ?Hﬁﬂﬁtzﬁﬁeffﬁgabgi ¥ee Boﬁggngﬁ¥g9thyl'

15 ene copolynmer after termnal stabilization an
conponent s 1 enpaRbvader ThegheedaliffsSHbhe fﬂtcbomﬁélle comPAeheked by the

deconposition of unstable termnals d which was present as residual
for mal dehyde, wemobd0, the formaldehyde generated associated with the
terminal stabilization and the like were removed out of
the system by pressure reduction. The oxymethylene

10 copolymer, the stabilizer and the additive were

discharged with further kneading and pelletized.

Example 12 (comparison)
Terminal stabilization and volatile
. components removal were conducted in the same manner as
15 in Example 11 except that the antioxidant was changed
to 0.3 part by weight of 2,2’ -methylenebis(4-methyl-6-
t-butylphenol) and the heat stabilizer was changed to
0.2 part by weight of calcium stearate. The resulting

oxymethylene copolymer was pelletized.

20 Example 13 (comparison)

Terminal stabilization and volatile compo-
nents removal were conducted in the same manner as in
Example 11 except that the antioxidant was changed to
0.3 part by weight of triethylene glycol bis[3-(3-t-

25 butyl-5-methyl-4-hydroxyphenyl )propionate] and the heat

stabilizer was changed to 0.2 part by weight of nylon



‘ppm ° 20 Exanpl e 8 (present invention) Ter m nal
st-abi | i zation and vol atile conpo- nents renoval were conducted in the
same nmanner as in Exanple 1 except that in the extruder (A), the L/D
of the section following an inlet for a pol yoxymet hyl ene 25
containing a stabilizer and/or an additi-v@3was changed to 3 and, in
the extruder (B), the antioxidant and heat

- 20 - st&hi | | Pee besil tingcoxynethybener copolymepovgoxpellet-

met hyl ene were changed to 0.2 part by weight of 2,2'-

met hyl enebi s- (41%%4hyl 6-t-butyl phenol) and 0.3 part by wei ght of
nyl on 66, respectively. The resulting oxy- 5 nethylene copolynmer was

pel |l eti zed. The amount of fornmal dehyde in the oxynethyl -

ene copol yner ter n stabilization and vol atile conponent s
renmoval under ?%ﬁﬂ@% f% éﬁ?ﬂp AHP 2R was generated by the

decorpost t1,on of unst abl ol s 0! 5tadfis LA00oNLER YBEaI acBlngd. { osi dua
Term nal Stf““|ﬁé@£éQﬁeﬁ@9aY°&éié'EbﬁﬂﬁﬁEbd in the same manner as in
Example 11 except that the antioxidant was changed to
0.3 part by weight of pentaerythrityl tetrakis(3-(3,5-
t-butyl-4-hydroxyphenyl)propionate) and the heat |
stabilizer was changed to 0.2 part by weight of

10 melamine. The resulting oxymethylene copolymer was

pelletized.

Example 15 (cbmparison)
One hundred parts by weight of a crude
oxymethylene copolymer was fed into an extruder (A).

15 In the extruder (A), the fed crude oxymethylene
copolymer was sent under pressure to the terminal-
stabilizing zone while being heat-melted. 1In the
terminal-stabilizing zone, 3 parts by weight of a
terminal stabilizer (aqueous triethylamine solution)

20 was added to the crude oxymethylene copolymer to
conduét the terminal staﬁilization of the copolymer,
and the stabilized copolymer was sent under pressure to
the next vacuum zone for volatile components removal.
In the vacuum zone for volatile components removal, the

25 formaldehyde generated associated with the terminal

stabilization and the like were removed out of the



‘nent’s renpval were conducted in the sane manner as in 15 Exanmple 1
except that in the extruder (A), the L/ D of the section follow ng an
inlet for a pol yoxymet hyl ene containing a stabilizer and/or an
additive was changed . to 10 and, in the extruder (B), the anti oxi dant
ahd heat stabilizer both to be fed 2bgether with a 20

.pol yoxynet hyl ene were_changed to 0.2 part by weight of triethyl ene

gl ycol ~bi s[ 3- (QYFIBBtVN-Prﬁéﬁﬁyﬁ-Ieﬁy§ﬁéQ9~ Into shengeryiopi @fatde and
0.3 part by wei ectively. The resultin ymet hyl ene
copol yner was gtrugﬁ€lﬂ@ﬂ 58&1°W299 “the"vacuuin ?R@eaﬁBEnW°&P%P§FhaIdehyde

I n the oxyneth er term .stabilizati.on and

vol at 1 ¢ YonponRaNee LEnRERd VERRe 2 eeydighorigs dl ROVHRES, hlf\ﬁﬂ‘
- 21 - OB ghed By LARGHSCAIDgR! bhARcal sl A0 bRy T and

whi ch was present r mal

Exampl ¢ 105(Pr g3g8b1l BY8IBLYRLL-Butyl-5-methyllaUhyARoxSERRny15al | on and
vol atil e conpo- nents renoval “were con ucted in saMe ‘manner as in

Exanpl e 4 excep&obhahak:bq)pahuonwzega&ew wedghttt oft Beheat extruder (B)
was chariged to a copol ynmer of M =3
stabilizer (nylon 66), and they were kneaded with the
terminal-stabilized oxymethylene copolymer. The
kneading mixture was discharged and pelletized.
10 The oxymethylene copélymers obtained in
Examples 1-10 (present invention) and Examples 11-15
(compa:ison) were measured for heat stability and
coloring, and the results are shown in Tables 1 and 2.
In Examples 1-10 (present invention), as cbmpared with
15 Examples 11-15 (comparison), uniform dispersion of
antioxidant and heat stabilizer was possible and

polymers excellent in heat stability and coloring could

be obtained.



‘resul ti ng oxymet hyl ene copol yner was pelletized. 10 The anmount

of formal dehyde in the oxynethyl - ene copol yner after term nal
stabilization and vol atile conponent s renoval under reduced pressure,
whi ch was generated by the deconpogisti-on of unstable term nals
and whi ch -:-~——--—-—--—=-—_———
Exanple 11 pari son) Added tq 100 gdartsib I ght of I
crude et hyl ene c(;f_’gol yrré?d Werdq . 3] Fart ﬁy WEi‘ght S en: ~
anti oxi danf (N B Bbi s(3- (B 5-di -t7 pat yl}-4- hjydt oy 20 ~ . N
phenol)proionﬂhvdrazin=) afd 0. P parit byl weidht of |a eat |
stabilizer(rre amng). They wdre stirrgd anj m XYed i p a Henschel
m xer for QG n| mut and fed ilnto an pxtrydder (A). Ip thg ext uderJ
] o0 . 4
(A), the cfutlel , @~ oxynpthyllene topolyrrer and {st abi I}i zer | f ed {wer e{sent
25 underpgesgjﬁegto;th; terfm nal - st gbi li i ng {zone while be{ ng
heat - nel t efli.g | h @ Bel; tEm hagd fqt (B | igho°pe R 3 |22 3380|892
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renoval .

‘5' " %ent to the next vacuum zone for volatile conponents

t he fornmal dehyde

renoval ,

t he vacuum zone for volatile conponents

-
o g2 o ®©
) 2 Nz *TeADWa3 sjusuodwod STTIVTOA 103 SUOZ UMNOBA Y3 JO WEIIISUMOP Pajed0T ‘(g) Iapnaixs syl woij
= pea3 m.o,m Vo vasuummzu 3o 39TuT ue ySnoayl swiaoj zapmod aaridvadsax ur L13Ivearp weyl Burpesy ‘sAoqe PIUOTIUSU
- ~ © m & w O © P 4q pajonpuod sem 192TTTqEIS IE3Y 8YI PUB IUBPTXOTIUR Y3 JO UOTITPPE 83 ‘gt o7dwexy ur 9«
v oo we - = C O+ : (V) aephayxe ayy JO auoz SUTZTITqeIS-TBUTmIS] oyl 03Uy 3IYSTem £q
m W 3~aanﬁmw%ueﬂmr$@am %u@mﬂogﬁou 8ITIVTOA I0J 2UOZ UMNOBA 8Y3l SuTMOTIOF (V) I8pniixa oyl JO UOTIDes ® O3IUT Jydyam
dm I%u.dumwmmw @._”I IFY3 wmno..nuuom om3 uf o3®31s ueafom jo zswlyodod pyes Suypesz ‘esoqe pauorIusW s® ‘Aq PaldNPUOd
ckHo m.tmms 10ZTTAIEES Fvoy ® pue JUBPTXOTIUE ue SurTureluod Iswkjodoo susTdylswdxo syl jyo Burpesy sy3 ‘z oTdwexy UI G«
© . w m ﬂla o) Wh ) Mv\ m "o (o3euotdoad( TLusydLxoaply-y-14ang-3-5*¢)~g)sTIvIIa] TL3ITIyzfisvauad :Qq JUBPIXOTIUY hx
SS=WQ Q= 58 - % (e3suordoad(ThusydLxoaphy~-4-TAyrsuw-g-14Inq-3-€)-€)sTq 100418 aULTLyIafad :D IUBPTXOTIW €«
—_——0 Rl - O C (TousydtLanq-31-9-Tdy3aum-4)stqauaiylsm-,z*z g IUBPIXOTIUV Zx
B8 CRO0TOOOM R sutzeapy(TAuoTdoad(TousydLxoapAy-4-T143ng-3-TP-G‘€)~€)STq~.N'N :V IUBDPTXOTIUV Tx
— O e ==
— 2 2Ockzse 99 uoTdN 0 S 0 00T T oTdwexy
< ol o DE0 g0 IVEPTXOTIWY 9+
» S m. ' o Z'0 suTWETIK
= ol g >k 0 0 g €0 ,,d IUEPTXOTIUY 001 41 oTdwexg
5,0 R . -
.m/_p o k.- 2°0 99 UOTAN g
—_ * -] 3.4

J > = £ sP¢ 0 0 S €0 g0 FUBPTXOTIUY 00T €1 o7dwexg
“efozd2-®° B2 2°0 ®0-38

© d.mum 33 ..wmw P 0 0 s £°0 74 IUEPTXOTIUY 001 21 eydwexy

Bocd® s L& 2'0 SUTWETSH __

P I-FEQP m Qyco o 0 0 S €°0 1,V IUBPTXOTIUV 00T 11T aTdwexd
SELE J o-as. B. Th)
“~E2 & mn:@s seof aopnaaxs A
< X g > Gl 0 O woxy 7.}
= . d2 ‘htw/w_umMEmﬁ sl peaz 103 £q s3aed)
= 2 435 95eeEeg ST (*3a j9TuT asui10dod
Mf = =< hm_w w 2 2 (*3ms £q 33ed) Lq s3aed) | Burmoirol (*3em £q 3aed) | susTdyaaum
= ol Siq ] S <Fewioicie < Mua BATITPD® suaTAy3auw u0T3098 SATITDPD® -£x0 (uostaedwos)
— + o 30100 ﬁ@gmmMm@nm [3) pue I92TTTqEIS -£x0£10g Jo al1 pu® I8ZTITqEIS apnay ‘ON
s 3 =—E8&F=8—=< m 5 ‘eTdwexg
mw s Borfpreag g m (g) ‘zepnaaxy (V) Ispnaaxy

e

> [« JN7)) >0 0 wn C - = .
TRE-Qn-Cc oD T®O . O .
VE >NV C oo &> OT M N Z °ojqel
-5 EE5E SR80
Hemcm.m.e-_ ge3°23
C = >0no ON N > C N ®
em.X.ICOX ,mxeon.lt
OOS OT—0O ON O omaow



23 66. The resulting oxymethyl ene copol ymer was pel | et -

I zed. Exanpl e 14 (conpari son) Ter m nal
stabilization and volatile conpo- 5 nents renoval were conducted in the
same nmanner as in Exanpl e 11 except 24’hat the antioxi dant was changed

to 0.3 part by wejghi of pentaerythrityl tetrakis(3-(3,5-
t - butyl - 4- hydr I%%réﬁﬂ&é%%ﬁo%hd the heat stabilizer was
changed to 0.2 part by “E*£th§ﬁP%%§%é?f?%%faﬁ@'Onyqiégﬁ%:%#ﬁ@ethYl-

oxynet hyl ene copol yner was

(conpari son) ' ‘gng d t Q% l.g of C e

oxymnet hyl ene caﬂgfyﬁ% o%%ﬂ??ea |H§%95%§g§9$%d%¥ %géi Q§) Iﬁntﬁggextruder
(A), the fed cregier@adFe{ly] efife fed cHOR! yXPhetiRPlSROtcHPIByMELERaYI € tO

the termnal - stabil1zing zone while being heat-nelted.” In the
t er mi nal - stsbi | seatiquAdee, pPedPaite £y e obérfinal-stabilfsihgakoséabilizer

(aqueous triethylam ne solution) 20 was added to the crude oxynethyl ene
copolyner to whiledmelimg hémtimebtedl sImbthezbérminal-sbabidbpeigger,
and the stabilized cqfolyner was sent under pressure to ~ the next
vacuum zone f orzeng at3 | paxsipenievetghenel st . terminal nstalivhzenm zone for
vol atil e components renoval, the 25 fornal dehyde generated associ ated
with the ternintdqueous triethylamine solution) was added to the crude
oxymethylene copolymer to conduct the terminal stabili-
10 zation of the copolymer, and the stabilized copolymer
was sent under pressure to the next vacuum zone for
volatile components removal. In the vacuum zone for
volatile components removal, the formaldehyde generated
associated with the terminal stabilization and the like
15 were removed out of the system by pressure reduction.
Separately, into an extruder (B) were fed 10 parts by
weight of a polyoxymethylene (a copolymer of MI=9.2),
0.3 part by weight of an antioxidant (2,2’-methylene-
bis(4-methyl~6-t-butylphenol) and 0.2 part by weight of
20 a heat stabilizer (St-Ca), and they were melt-kneaded.
The melt-kneading mixture was fed in a molten state
into the terminal-stabilizing zone of the extruder (A).

The resulting oxymethylene copolymer was pelletized.

The results are shown in Table 3.



‘stabilization and the like were renoved out of the

-~24 - system by pressure reduction. Into the section of the

extruder (A) follow ng the vacuum zone for volatile conponents
renoval were fed, directly in powdery for@8, - ~ 0.3 part by weight of an
ant i oxi dant (trleth | ene gl ycol

bi s[3-(3-t- butﬁ ta Y QE?i'}Rﬁ"E)‘)&&fhbnyl) ' propi onate]) and 0.2 part
by wei ght of a heat stabilizer n 66 d the e knea ed mﬁth
‘the terninal - st abi 1?1 7% zera‘“% 'b%p%‘?@%?“errhéw

m xture was di qg?%&eﬁ@épp&l

copol yners obtalne Sgll%ﬁ%?dﬁgsg%} |nve9??oﬁ¥ aﬁ%xéganples
11-15 rlﬁw)fd@r@rmw E 1488t e @P%héf yw@éldsent

col ori ng, and the results are shown |n Ies 1 an I n Exanpl es
1-10 (present ldwﬁﬁlmssm mpm@dtaminan%taﬁmﬁxe@ ﬁdnéamlle
(comparison), uniform di spersion of anti oxi dant and heat stabilizer

was possi bl e asking hegnimairtrexd exchi e tewrmiizal-sstzdidilt yimondzond pr3ng
coul d be obt ai ned. - 25 -

parts by weight of a terminal stabilizer (aqueous
triethylamine solution) was added to the crude
oxymethylene copolymer to conduct the terminal stabili-

10 zation of the copolymer, and the stabilized copolymer
was sent under pressure to the next vacuum zone for
volatile components removal. In the vacuum zone for
volatile components removal, the formaldehyde generated
associated with the terminal stabilization and the like

15 were removed out of the system by pressure reduction. |
Separately, into an.extruder (B) were fed 1.5 parts by
weight of a polyoxymethylene (a copolymer of MI=9.2),
0.3 part by weight of an antioxidant (N,N’-~bis(3-(3,5-
di-t~butyl-4-hydroxyphenol)propionyl)hydrazine) and 0.2

20 part by weight of a heat stabilizer (melamine)( and

| they were melt-kneaded. The melt-kneading mixture was

fed in a molten state into the terminal-stabilizing
zone of the extruder (A) and kneaded with the
terminally stabilized oxymethylene copolymer. The

25 resulting oxymethylene copolymef was pelletized. The

results are shown in Table 3.
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Exanpl e 16 (conpari son)
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- Zﬂ mety parts by weight of a crude

oxynet hyl -
extruder (A), tHe fed, crude oxyngthylen
ptessure to the term,gi st abi l|i gi ng o
the term nal - st gbililz8ry ztne| 3
stabilizer ( agueets—t+eHhyt-api-he
oxynet hyl ene co onrrer t%concht the t
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Same as in Table 2

*1)

e\

V-

A, 2" -

The addition of the stabilizer and the additive was conducted by, as mentioned abov
kneading, in the extruder (B), the polyoxymethylene, the stabilizer and the additi
feeding the melt-kneading mixture into the terminal-stabilizing zone of the extrude

Same as in Table 2

*2)
*7

nmet hyl ene-



“bi s(4-met hyl -6-t-butyl phenol) and 0.2 part by weight of 20 a heat
stabilizer (St-Ca), and they were nelt-kneaded. The nelt-kneadi ng
mxture was fed in a nolten state into the term nal -stabilizing zone
6f the extruder (A). The resul ting 8Qymet hyl ene copol ymer was-

pel l eti zed. The results are shown in Table 3.

- 28 - ExdMius triadc Rpldicahihlity | A crude oxymet hyl ene
copol yner (98.5 parts by i ght s fed intao an extruder (A). In the
ext r uder (A, the f@fcﬂﬁﬁw%lpﬁeﬂ&p&%ﬁ%&% $nt 5  under
pressure to the,tegr.m.nal.- ilizin i | t-nelted. In
the term nal - sfsz§ba| JiTzllrLra]égr z%gl?ejf,oﬂazan %dz&piz}'r ‘ég)ﬁ!fql\/\el?eghst&%ﬂg erm nal
stabilizer (20Ys8YSrmly diked M &S - d afdeddn crude
oxynet hyl ene copo yrrrg‘r 1Tto_]'conduct the ter n%lna set a@i [ - 1&; ati'on of the
copol yner, sand drite a5t HAynicAr 1EHY 0PI lymer eX@sSl It U dfia PIOS AH® t O

t he next vacuum zone for vol atil e conmponents renoval. In the vacuum
zone for ecyminy cawhsbtsainehoval , the fornmal dehyde generated
associated with the termnal stabilization and the like 15 were renoved
out of the system by pressure reduction. Separately, into an extruder
(B) were fed 1.5 parts by wei ght of a pol yoxynet hyl ene (a copol yner
of M =9. 2),




i -t
wei g

henol ) propi onyl ) hydrazine) and 0.2 20 part by

"GLB.Zirt by wei ght of Tan antioxi dant (N, N -bis(3-(3, 5-

ki,

The nel t-kreadi n§ m xture was fed-idl anolten state into the

t'erm nal -stabilizing

zone of the extruder (A) and kneaded with the

terminally stabilized oxynethyl ene cop&U¥S. The 25 resulting

oxynet hyl ene c¢

Tabl e 3.
| ndustri al

Applica
a st abi | | 28F™,

qrolyrer vgs pellgtized. | Tecing o SRAMGIAR STOUD 11

into a crude Oéiﬁﬁhh%&ﬁ@%tﬁ9ﬁ%é%g%%ﬁ?l aeraQ@ %%ﬂ&ﬂ%ﬁﬁ@%&%%if%&%ﬁdﬂﬁ”

excellent in quality a

CLAI M5 5

10

15

20

25

n be obtal ned.
in an extruder (A) having a terminal-stabilizing zone

and a vacuum zone for volatile components.removal to
obtain a terminal-stabilized oxymethylenelcopolymer,
separately melt4kneading a polyoxymethyleﬁe and a
stabilizer and/or an additive in other extruder (B),
feeding the resulting meit-kneadiné mixture in a molten
state into a section of the extruder (A) following the
vacuum zone for volatile components removal so that the
proportions of the polyoxymethylene to be fed from the
ektruder (B) and the crude oxymethylehe copolymer to be
subjected to terminal stabilization in the extruder (A)
become 1:3 to 1:45 by weight ratio, and kneading the
polyoxymethylene, the stabilizer and/or the additiﬁe
and the terminal-stabilized oxymethylene copolymer.

2. A process for producing a stabilized
oxymethylene copolymer according to Claim 1, wherein
50-100% of the melt-kneading mixture of the polyoxy-
methylene containing a stabilizer and/or an additive is
fed from the extruder (B) into a section of the
extruder (A) following the vacuum zone for volatile
components removal. _

3. A process for producing a stabilized
oxymethylene copolymer according to Claim 1, wherein

the extruder (A) is a double screw extruder and has,

ilizer (melamne), and t hey were nelt-kneaded.

chivgbns, osmalymes - A iEE EPHEy S, et i, A i Ko



ocess for producing a stabilized oxynet hyl ene copol yner,
Wm.ch clmﬂ’ﬁm1“ﬂm[|ﬂ uing a crude oxymet hyl ene copol yner to term nal
st.abi | i extruder (A) having a term nal -stabilizing zone
and_a vacuum zone for volatile conponents—ﬁhhnval to obtain a

t ermi nal - st abi | i zed oxznethylene copol y separately _nelt-kneadi ng
a polyoxynethyleﬂétﬁﬁd he POSthPQbﬁFlYbicénHPBrPQHYQHHN?FUK PR®ot her

extruder (B), 10 di ng the ultin | t - kneadi nlxtur i.;n a nolten
Sate into n sectPBRAbALPica eiF?gain?ﬁ)ng?PﬁmFHg dnd8sve 18, Setln R one

for volatile conﬁggggisg;gggégﬂFtﬁébha% b gigPaderproportlons of the

pol yoxynet hyl ene (B) and the crude _
OxymeL yl ene COPRLYMET 10 ReprofgseStBEoRERtInkehLEAb 138! bagL o0 11

t he extruder (A) beconk y wel ratio adi ng the

pol yoxynet hy e”eme%ﬁ?1éhébbbFéQ&méEdéeEoEHQnadébtblslm 1, wﬁ@@e&ﬁethe
termnal -stabilized oxynet hyl ene copol yner A process for

producing a stabihtigdof2@he MXYBE! BlibepolgoR9hethi1aaeotd be FedCrzom 1,
wher ei n 50-100% of the nelt-kneading m xture of the pol yoxy-

met hyl ene cont ai shegestrudbicl i(B§r anddthe NI additheverunde oxymefthglenhem the
extruder (B) into a section of the extruder (A) follow ng the
vacuum zone for vopeliymer 26 becempdmeted tenbeziminal staBilizatioh pnocess
for producing a stabilized oxynet hyl ene copol yner according to daim
1, wherein thaeegkrndesr (A)) 1Bs14580tBI 80screw ext ruder and has,

10 5. A process for producing a stabilized oxy-
methylene copolymer according to Claim 1, wherein in
the extruder (A), the amount of formaldehyde in the
oxymethylene copolymer after terminal stabilization and
volatile components removal under reduced pressure,

15 which is generated by the decomposition of unstable
tefminals_and which is present as residual formal-

dehyde, is less than or equal to 1,000 ppm.



=732 - after the position at which the pol yoxynethyl ene

containing a stabilizer and/or an additive is fed, a kneadi ng zone of
L/D of 0.5-25. - 4, A process for producing a stabilized oxy- 5
net hyl ene copol ymer according to Caim 1 #Berein the ratio of the M
of "t he pol yoxynet hyl ene to be fed from the extruder (B) and the M of
t he crude oxynet hyl ene copol yner téB§$R§GEjected to term nal
stabilization in t he extruder ( 50.to 5

| is 1 O 110 5, A

pr occ:jess f or \%odum ng a sthBTIRRP SKE Produqing, A & c’gp"bﬁ/%r accor di ng

to aiml, wherein i t t . hyde i

thfa O oxynmet rﬂﬁ’%elatr}%]pe&%/n%o?p‘mérp‘f gﬁﬁﬁglé%@ﬁ?‘%ﬁz‘aﬁﬁ%&% “ghyde 1n

volatile co ; ' ' d
MpONentSid %%%%{e r@&bt?f,gxr.érlnf %05 W Semirle) SO i SagEBeT at e

by the deconposition o _ s and which is present as
residual forgral-in an esfleRidier (8) RSFinda QEreineEl -4 ©adi DORI BPzone

and a vacuum zone for volatile components removal to
obtain a terminal-stabilizéd oxymethylene copolymer,
separately melt-kneading a polyoxymethylene and a

stabilizer and/or an additive in other extruder (B),

10 feeding the resulting melt-kneading mixture in a molten
state into a section of-the extruder (A) following the
vacuum zone for volatile components removal so that the
proportions of the polyoxymethylene to be fed from the
extruder (B) and the crude oxymethylene copolymer to be

15 subjected to terminal stabilization in the extruder (A).
become 1:3 to 1:45 by weight ratio, and kneading the
polyoxymethylene, the stabilizer and/or the additive

and the terminal-stabilized oxymethylene copolymer.




