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SPECI FI CATI POLYOXYMETHYLENE COPOLYMER AND PROCESS FOR PRCB%@LEQ THE
COPOL YNER .1 TECHNI CAL FI ELD The present invention relates t

pol yoxyrnet hyl ene copolyner. In nore particular, the invention relates to a
pol yoxypet hyl ene copol ymer“thaving 5 a specified terminal group conposition
and excellent in stability and nmechani cal properties. BACKGROUND ART

Pol yoxynet hyl enes synt hesi zed by pri GPECIFIGETIONjues are cl assified
broadly .i nto honopol yners and 10 copol yners. .'Pol yoxynet hyl ene

homopol yners and pol yoRQLEORYMETEYLENE ¢OROL.YMER ANDp PROCESS EQRpecti vel y
have only one of the two de8irable characteristics, nanely either excellent
nmechani cal property or excel | enPRODIGING yTHEHERPQLYMER 10| yoxynmet hyl ene
hanopol ywers obt ai'ned” by honopol yneri zati on of fornal dehyde or trioxane are
excel l ent in nmechanical properties but are not

1 TECHNICAL FIELD
The present invention relates to a
polyoxymethylene copolymer}. In more particular, the
invention relates to a polyoxymethylene copolymér having
5 a specified terminal group composition and excellent in

stability and mechanical properties.

BACKGROUND ART
folyoxymethylenes synthesized by prior art
techniques are classified broadly into homopolymers and

10 copolymers. Polyoxymethylene homopolymers and
polyoxymethyiene copolymers of the prior art
respectively have only one of the two desirable
.characteristics, namely either excellent meéhanical
property or excellent stability. That is,.

15 polyoxymethylene homopolymers obtained by
homopolymerization of formaldehyde or trioxane are
excellent in mechanical properties but are not
satisfactory in stability; on the other hand,
polyoxymethylene copolymers obtained by copolymerization

20 of formaldehyde or trioxane with a cyclic ether or
éyclic'formai are excellent in stability but afe poor in
mechanical properties. With respect to long term |

resistance to heat or resistance to hot water,



satisfactory in stability; on the other hand, polyoxynethylene copolymers
obt ai néd - by copol ynmerization 20 of formal dehyde or trioxane with a cyclic
ether or cyclic formal are excellent in stability but are poor in
mechanigal properties. Wth respect to | org2termresi stance to heat or

resi stance to hot water, -2- 1 furthernore, even pol yoxynet hyl ene

copol ymers are fivrthkexmeracteysn Polyeoxynethylene copolymexs axe uwfal |y
obt ai ned by copol yneri zi ng fornmal dehyde or trioxane with 5 a cyclic ether.
U.S.P. No.. 3,6?#%%%%3?&%€Yibes a copol yner obtained by cationically

copol ymeri zing trioxane with ethyl ene oxide or_1,4-dioxolane. Further,
U.S.P. No. 3,337,503 di s&%ﬁ%%xlf‘ﬁ%t lene GRPRIVEPrSsazeysdedild wei ght

control1ing aggfle ihed b NS S FHEEL 288 OPoSfial 5ERYEMCor WIS A L TS
5 a cyclic ether. U.S.P. No. 3,027,352 describes a
copolymer obtained by cationically copolymerizing
trioxane with ethylene oxide or 1,4-~-dioxolane.
Further, U.S.P. No. 3,337,503 discloses the
use of methylal as a molecular weight controlling agent
10 in the polymerization of trioxane. When methylal is
used as the molecular weight controlling agent, the
terminal group of the resulting polymer becomes the
methoxy group.
In the poiymerization of formaldehyde or
15 trioxane or the copolymerization thé:eof with a
comonomer using cationic catalyst, hydride shift (i.e.,
hydiogen abstraction) takes place, which results in
.scission of the main chain of the polymer and makes it
impossible to obtain a high molecular weight polymer.
20- Moreover, it is known that the terminals formed by the
scission become the methoxy group and the formate group.
Further; when compounds having hydroxyl
groups, such as water, methanol, formic acid, etc., are
present in polymerization, they function as a chain
25 transfer agent and form unstable terminal structures. A
usually adopted remedial method is to decompose these
unstable structures and stabilize the terminal groups as

hYdroxyethoxy groups, by application of post-treatment



used as the nol ecul ar wei ght controlling agent, the term nal group of the
resul ting pol ymer becones the methoxy group. In the polymerization of
formal dehyde or 15 trioxane or the copolynerization thereof with a
cononorgr using cationic catalyst, hydride shift (i.e., hydrogen _
abstraction) takes place, which results in scission of the main chain of
t he pol yneri andfgelepoilymerieatiitne t @rohita rcasdigh foirtal acidei ght
polymer. 20 Moreover, i1t is known that the termnals fornmed by the

sci ssi on beconhowbeengt ttexyimaduf cam tieh gy farpeataregr bemmedtur t her, when
conpounds havi ng hydroxyl groups, such as water, nethanol, form c acid,
etc., are presshnmnultapeowsdyi.zati on, they function as a chain 25 transfer
agent and formunstable terminal structures. = A usually adopted renedi al
method is to deconpose tAssdegsidgde abovisot dmesthth PERRPEFze the termina

0T OUs s Py T oyt hyiane copolymers, tarmindl Fotnate Groups are
formed during polymerization by chain transfer reaction
caused by formic acid, which is an impurity in trioxane,
and by hydride shift reaction, which is a side reaction
caused by cationic catalyst, so that it has been
10 difficult to reduce terminal formate groups.

The present invention relates to a
polyoxymethylene copolymer which has both excellent
stability and excellent mechanical property. In more
particular, the invention relates to a polyoxymethylene

15 copolyﬁer which is excellent in stability and mechanical
property and further in long term resistance to heat and

resistance to hot water, and to the process for

producing the same.

DISCLOSURE OF THE INVENTION

20 The present inventors have made extensive
study on the stability of polyoxymethylene. As the
result, they have found that by restricting to a certain
range the amount of inserted-oxyalkyléne units in
polyoxymethyléne copolymer and the amount of terminal

25 formate groups in the copolymer, a polyoxymethylene
copolymer can be obtained which has highly excellent

stability and mechanical property and excellent long



-3- 1 after polynerization. 1In the case of formc acid, however, term nal
format & groups are formed sinultaneously. As described above, in the

previ ous 5 pol yoxynet hyl ene copol ynmers, termnal fornmate groups are forned
during ol ymerization by chain transfer reagtion caused by formc acid,
which is an inmpurity in trioxane, and by hydride shift reaction, which is a
si de reactilon eaufeddnistaincenitd dadat \eaid sesisance hashbsewat@r.
difficult to reduce termnal formate groups. The present invention relates
to a pol yoxynetthel @reseroliven tiltrc thamsbern haesempléahedt api they bagd s
excel l ent mechani cal property. In nore particular, the invention relates to
a pol yoxynet hylodnebbsre dameliyngsr which is excellent in stability and
mechani cal property and further in long termresistance to heat and

resi stance to hot water, TG i Ghen @ISR LRGP RUERHGECRe “Cafte.

5 polyoxymethylene copolymer having a molecular weight of
10,000 - 200,000 which comprises oxymethylene units
(-CH,0) and oxyalkylene units

R
|

+(c|:)m0 ry
Ry

‘wherein R and R, may be the same or different and are
each selected from hydrogen, an alkyl group or an aryl
lb group, n is 1 to 5, and m is 2 to 6, and wherein
(a) the proportion of oxyalkylene units to
oxymethylene units is 0.07 - 0.5% by mole, and
(b) in the infrared spectrophotometry of the
.polymer, the ratio of absorbance of terminal formate
15 groups to methylene groups is not more than 0.025.
The present invention will be described in
detail below.
| The polyoxymethylene copolymer of the present
invention can be obtained by copolymerization, using a
20 cationic catalyst, formaldehyde or trioxane and a cyclic

ether represented by the formula



DI SCLOSURE OF THE | NVENTI ON 20 The present inventors have nade
extensi®ve study on the stability of polyoxynethylene. As the result, they
have found that by restricting to a certain range the anount of inserted
oxyal kyk ene units in pol yoxymet hyl ene copolsyrer and the anount of term nal
25 formate groups in the copol ymer, a pol yoxynet hyl ene copol ynmer can be
obt ai ned which has highly excellenR stability and nechani cal property and
excel l ent | ong -4- 1 termresi$tance to heat arid resistance to hot
wat er. The present invention has acconpl i shed on the basis of above
finding. Thus, the present invefitibn rglates to a 5 pol yoxynethyl ene
{ ghRoof / 10, 000 - 200, 000 whi ch conpri ses
al kyl ene units

copol ynmer having a nol ecul ar we
oxynet hyl ene units (-CH err] O

1 wherein R and R? may be the same or different and are
each selected from hydrogen, an alkyl group or an aryl
group; further, R bound to different carbon atoms and R,
bound to different carbon atoms also may respectively be

5 the same or different and are selected from hydrogeh, an
alkyl group and an aryl group; and m is 2 to 6,

or a cyclic formal represented by the formula.

i)

N

wherein R and Ronmy'be the same or different and are

selected from hydrogen, an alkyl group or anlgryl group;
10 'further, R bound to different carbon atoms and R; bound

to different carbon atoms also may respectively be the

same or different and are selected from hydrogen, an

alkyl groﬁp or an aryl group; and m is 2 to 6.

As the example of the cyclic ethers used for

15 obtaining the polymer of the present invention, mention

may be made of ethylene oxide, propylene oxide, butylene



[err] wherein R and R err] nmay be the sane or different and are each

sel ecteéd from hydrogen, an al kyl group or an aryl 10 group, nis 1 to 5,
and mis 2 to 6, and wherein (a) the proportion of oxyal kyl ene units to
oxynet hyl ene units is 0.07 - 0.5%by nole- gnd (b) in the infrared
spectrophotonetry of the polyner, the ratio of absorbance of term nal
formate 15 §roupside, netyhwerameoxpdeipsets. not nore than 0.025. The present
invention will be described in detail_below The pol yoxymnet hyl ene copol yner
of the present invention 2anthe eamphedobythBpEVFAdri £oEM S 'usqe}"rﬁfeg 20

cationic catal yst, fornmal dehyde or. tri oxane an cyclic _ether. renresented
by the fornula4ﬁy¥§§ Tgﬁ;}og;d ethylene gfycof %or%al (1,3-dloxéiane),

diethylene glycol formal, 1,3-propanediol formal, 1,4-

5 butanediol formal, 1,5-pentanediol formal, ;,6-
“hexanediol formal, etc. Particularly preferred
comonomers are such cyclic fo;mals as ethylene glycol
formal (1,3-dioxolane), 1,4-butanediol formal, and the
like.

10 The polymer of the present iﬁvention can also
be obtained by reacting polyacetal homopolymer and a
cyclic ether or cyclic formal mentioned above in the
presence of a cationic catalyst.

One of the important points in the present

15 invention is the amount of inserted polyalkylene units
in the polymer.

Thus, only'when the proportion of inéerted_
.oxyalkylene units in the polymer is in the range of
0.07-0.5 mole, preferably 0.1-0.3 mole, relgtive to 100

20 moles of oxymethylene units, a polyoxymethylene
copolymer is obtaiﬂed.which is excellent in all of the
mechanical property, stability and long term resistance
to heat and resistance to hot water. When the
proportion of inserted oxyalkylene units is less than

25 0.07 mole, the stability and long term resistance to
heat and resistance to hot water bécome poor. On the
other hand, wheh the proportion of inserted oxyélkylene

units exceeds 0.5 mole, the mechanical property- becomes



wherein R and Rlerr] may be the sanme or different and are each sel ected
from hydlr ogen, an al kyl group or an aryl group; further, R bound to
different carbon atons and R err] bound to different carbon atons al so nmay
respectively be 5 the sane or different ang are sel ected from hydrogen, an
al kyl group and an aryl group; and mis 2 to 6, or a cyclic fornal
represent ed by nid¥kddiyypsor[err] wherein R and Rlerr] may be the sane or
different and are sel ected from hydrogen, an al kyl group or an aryl group;
10 further, R bound to drié eveniercss bmfhh atpatkphen& enitsbasnadlis® an
different carbon atons al so may respectively be the sane or different and
are sel ected friopdrthrdyepnintn. alkyligpxeferabbeafgr gmpygpviagd mis 2 to
6. As the exanple of the cyclic ethers used for 15 obtaining the pol ymer of
the present i nsaabidhityemediamitaboraprRrtey . diegt chesdgrascepadgy hate

oxi de, butyl ene . . ) .
5 water resistance that oxyalkylene units are dispersed in

the polymer as individually as possible without forming
blocks. |
As to n, which represents the sequence of
oxyalkylene units, it is preferable that the proportion
10 of n=l1 is not less than 95% by mole of the" whole
oxyalkylene units and the proportion of nz2 is not mofe
than 5% by mole.
The amount of inserted oxyalkylene units and
the sequence mentioned above can be determined by
15 heating and decomposing the polymer in an aqueous 3N HCl
solution and analyzing the alkylene glycol, dialkylene
glycol and trialkylene glycol in the decomposed
.solution.
Another important point is the amount of
20 terminal formate in the copolymer.
In thé preseht invention, the terminal groups
of the polymer are alkoxy groups such as the methoxy

(-OCH;) group; hydroxyalkoxy groups

R

!
[-0(?),..01“1]

R,



-6- 1 oxide, styrene oxide, etc. As the exanple of the cyclic formals,
there may be nentioned ethylene glycol formal (1, 3-dioxolane), diethylene
glycol formal, 1,3-propanediol formal, 1,4- 5 butanediol formal, :
1, 5-pent anediol formal, 1,6- hexanediol forng ,.etc. Particularly preferred
comonon®rs are such cyclic formals as ethylene glycol formal '

(1, 3-di oxol ane) ,wHedebnt RNeAHOR, fmdyitbe €lild shMel bkedif@erent and arelhe

pol ymer of the present invention can al so be obtained by reacting

pol yacet al honopstyeetednfiramchgdirogehheanoralkydl igarcup rald remtaopked above
in the presence of a cationic catalyst. One of the inportant points in the
present 15 inverg¥owpi sfuhthenpuRt boandnser téd ferlepal lopnhun wakidms | and hR,
polymer. Thus, only when the proportion of inserted oxyal kylene units in
the polyner is ibPun@ tangbfierentrcarbonppsomsr aflscapiay Cesme@tinveky be

relative to 100 .
5 the same or different and are selected from hydrogen, an
alkyl group and an aryl group; and m is 2 to 6; and
formate groups. Terminal groups other than those
mentioned above, for example hydroxyl gioups bound to
oxymethylene units, are very unstable and must be
10 removed by decomposition or converted into hydroxyalkoxy
groups by post-treatment after polymerization, e.g. by
heat decomposition in the presence of an alkaline
substance.
The amount of formate terminal groups in the
15 copolymer can be determined by infrared
spectrophotometry oflthe film obtained by hot pressing
of the polymer. The absorption wave number (v) due to
terminal formate is 1710 cm'! and that due to the
methylene group of polyoxymethylene main chain is 1470
20 cm’l. The amount of terminal formate groups in the
. copolymer can be expressed by the ratio of these
absorbances, Dy710/ Pyaze -
The amount of formate groups in the copolymer
of the present invention should be not more than 0.025,
25 preferably not more than 0.020, in terms of D;710/ D140 -
When D,;0/D)4; is higher than the value, the stability,
heat resistance and hot water resistance of the

copolymer are deteriorated.



20 nol es of oxynethyl ene units, a pol yoxynet hyl ene copol yner is obtained
which i% excellent in all of the nechanical property, stability and | ong
termresistance to heat and resistance to hot water. \Wen the proportion of
i nserted oxyal kylene units is |ess than 25-090Z7 nole, the stability and
long tefmresistance to heat and resistance to hot water become poor. On

t he ot her hadd, when the pThws;tonhyowhenseheegpodypaihdtdne amne tcopalyrds
0.5 nol e, the nechanical property becones -7- 1 mar kedl y poor. The
sequence of oxydegtenehenreguixemnenbsafiornpbet amoupsi oif insemtext ef er abl e

for inproving stability mechanical property, heat resistance and hot 5
wat er resi st anc@¥¥ak KyrERe andt shar amguagepfeterminad FRxmate as

ST i i 1 ng_pl ocks.
i ndi vidual l'y asd¥§§g§ﬂ§%g%igggl ggggé,gt e copolymer has excellent

5 stability, mechanical property and long term resistance
to heat and iesistance to hot water.

Suitable cationic polymerization catalysts
used for obtaining the polymer of the present invention,
that is, a polyoxymethylene copolymer having a specified

10 amount of terminal formate groups and excellent in
stability, mechanical property and long term resistance
to heat and resistance to hot water, are perfluoroalkyl-
sulfonic acids or their derivatives. .As specific
examples, mention may be made of trifluoromethane-

15 sulfonic acid, pentafluoroethanesulfonic acid,
heptafluoropropanesﬁlfonic acid, nonafluorobutane-
sulfonic acid, undecafluoropentanesulfonic acid,
éerfluoroheptanesulfonic acid, etc.; and, as
derivatives, super-strong acid anhydrides such as

20 trifluoromethanesulfonic acid anhydride, pentafluoro-
ethanesulfonic acid anhydride, heptafluoropropane-
sulfonic acid anhydride, nonafluorobutane sulfonié acid
anhydride, undecafluoropentanesulfonic acid anhydride,
perfluoroheptanesulfonic acid anhydride, etc.; alkyl

25 esters of super-strong acids such as methyl
trifluoromethanesulfonate, ethyl trifluoromethane-
sulfonate, ethyl pentafluorbethanesulfonate, methyl

pentafluoroethanesulfonate, methyl heptafluoropropane-



As to n, which represents the sequence of oxyal kyl ene units, it is
preferable that the proportion 10. of n=l is not |ess than 95% by nol e of

t he whol e oxyal kyl ene units and the proportion of n[err]2 is not nore than
5% by nole. The anount of inserted oxyal kyl;gne units and the sequence

nmenti ondd above can be determined by 15 héating and deconposing the

pol yner in an agudonmatd Hic soldid aliepls a0l yeéstershefakiipeene tabyeo! |

di al kyl ene glycol and trial kylene glycol in the deconposed sol ution.

Anot her i nport astidsoisuch g HeciaehhitlflyD trif huoabméohantsuilfiohhee,
copolynmer. In the present invention, the term nal groups of the polyner are

al koxy groups $¥dietdyksdd ettt qommsihanespl fogatexyahdokheglakps [err]

Catalysts conventionally used in
5 polymerization or copolymerization of trioxane are Lewis
acids, such as boron trifluoride, tin tetrachloride,
titanium tetrachloride, phosphorus pentafluoride, and
phosphorus pentachloride, and the compounds or the salts
thereof. When these catalysts are used, however,

10 hydride shift, which is a side reaction in
polymerization, occurs to a large extent,_and the amount
of te;minal formate groups in the resulting copolymer
can satisfy the condition of D710/ Dy47p Peing not more than
0.025 with much difficulty. Further, these catalysts

15 are insufficient in polymerization activity and cannot
achieve a safisfactory polymerization unless the
catalysts are used in a high concentration.
bonsequently, the resulting polymer contains a high
concentration of residual catalyst and hence has a low

20 heat stability. Therefore, a complicated process
becomes necessary including the washing and removal of
the catalyst after polymerization.

‘The concentration of the catalyst in the
present invention should be in the range from 1 x 10°¢ to

25 2 x 10°° % by mole relative to the principal monomer. At
concentrations lower than said range, no polymerization
takes place. At concentrations higher than the range,

the catalyst remaining in the polymer will cause



-8- 1 .wherein Rand R err] may be the sane or different and are sel ected
from hydrogen, an al kyl group and an aryl group; further, R bound to

different carbon atons and R err] bound to different carbon atons al so nmay
respectively be 5 the same or different andlare sel ected from hydrogen, an

al kyl group and an aryl group; and mis 2 to 6; and formate grou pS.
Ter mi nal grbup§QE9%¥mQ4kﬂﬁﬁ#RﬁmaWﬁ#ﬁhdﬂ%ﬁphb%vbn iev brafpséakjdisyyrt

groups bound to oxyn%1 | ene units, are very unstable and nust be 10
removed by dec Tor converted |nto hydroxyalkoxy groups by

post-treatnment after poI riz on heat deconposi.ti 0
presence of an alkaline 3%53 V%Ft?B?nﬁggetgPHPHaFga oups in

Fim obt i ned ByeRoE pf?‘élsdetgalﬁ% %eb%oai%%"éf T g
(v) due to er%&%?hh 'Q?‘%Héség$§%#§ﬂefﬁgﬁéﬂ9 tQRifQUGwEEcBhEs”EtQXdS”e

group of pol yoxymet A ere main
reaction in polymerization, can be suppressed and a

polyoxymethylene copolymer which satisfies the condition
of Dy;;0/Dyazg beinglnot more than 0.025 can be obtained.
| Furthermore, the present inventors have found
10 that when perfluorocalkylsulfonic acids or their
derivatives are used as the catalyst, the amounts of
water and formic acid contained in the monomer greatly
affect the polymerization activity of the catalyst.
That is, in the present invention, the concentrations of
15 water and formic acid in the monomer must respectifely
be not more than 40 ppm. When the concentrations are
higher than 40 ppm, the polymerization activity lowers
-markedly. When the catalyst concentration is in the
range from 1 x 10 to 2 x 10 % by mole relative to the
20 principal monomer, polymerization does not start at all,
or gives a very low polymerization yield, which is
unpractical.
Molecular weight controlling agents preferabl}
used in the polymerization are alcohols and ethers.
25 Particularly preferred-are alkyl ethers, such as
methylal and the like. Water, formic acid, methyl
formate, etc., also act as a molecular weight

controlling agent besides those mentioned above. 1In the



20 cnferr]. The anount of term nal formate groups in the copolyner can be
expressed by the ratio of these absorbances, D err]/Dlerr]. The anount of :
formate groups in the copol yner of the present invention should be not nore
than 0.025, 25 preferably not nore than-01@208, in ternms of Dierr]/Derr].
When D[ éerr]/D err] is higher than the value, the stability, heat resistance
and hot watler Ppressenindaventiipa,cbhovienesr, Dartiqelanintwdter and. Thys, -
only when the pol yoxynet hyl ene copol yner neets the requirenents for the
amount  of inseﬁ?EﬂiﬁxﬁéﬁﬁyFéﬁ§°Gngﬁsu&ﬁ?thﬁ?%ﬂﬁﬁnﬂfcﬁk?%ﬁn?ﬁg?cFoPﬁate
aroupe spect | ed.2houe: Lh GoROLUIEL 1o Sicsl ety S SEFOLLLY e g A cal
Suitable cationic, polY¥BrLE3L 99nt8' 3 ¥otms terminal formate groups.
| 5 Therefore, when water, formic acid, or methyl formate is
contained as impurities in the monoher, the amounts of
these impurities must be reduced as much as possible by
purifying the monomer in advance of polymerization.
The molecular weight of the polymer of the
10 present invention should be in the range from 10,0Q0 to
200,000. When the molecular weight is not more than
10,000, a satisfactory mechanical property cannot be
obtained. On the other hand, when the molecular weight
is not less than 200,000, processability of the polymer,
15 such as moldability and extrudability, is markedly poor,
which is unpractical.
The polymerization apparatus used in the
.present invention may be either a batch-wise one or a
continuous one and is not particularly limited. As a
20 batch-wise polymerization apparatus, there may generally
be used a reaction vessel equipped with a stirrer. As a
continuous apparatus, there may be:used self-cleaning
type blenders, e.g., Ko-Kneaders, twin-screw continuous
extruder-blenders and double shaft, paddle type
25 continuous blenders. The polymerization temperaﬁure may
be 60-200°C, preferably 60-140°C. The polymerization

time is not particularly restricted but generally

selected from the range of not less than 10 seconds and



used for obtaining the polymer of the present invention, that is, a . o
pol yoxynet hyl ene copol ymer having a specified 10 anount of .t BysgheeiHas ~.P“m¢
groups and excellent in stability, mechanical property and}lqi ' |j -
resi stance to heat and resistance to hot _watser., are perfluorog i ' l
sulfonit acids or their derivatives. As specific exanples, nenti:on may be"
made of trill uoodmetdEnezhakb 10uirfionitesaci d, pent af | uor oet hanesul f oni c

aci d, heptafl uoropropanesul fonic acid, nonafl uorobutane- sul fonic acid,
undecaf | uor opent anesul f odifdegripd 1 ypexfil 2edricdrept chesca tabyst atsduseadly and,

as derivatives, super-strong acid anhydrides such as 20

trifl uor omet haHe3GIEHNRt@da GlMcen R icdda kystt afonior redt bantBal pohymeaci d
anhydri de, hept afl uor opr opane- sul fonic acid anhydride, nonafl uorobutane

sul foni c aci d RRRGUCRGe Calif@sc SEPeIVBIeSitzatdan { onfhe #eaCchhvi§hiraels

per fl uorohept anesul fqQnic acid anhydride, etc.; alkyl 25 esters of
super-stroﬁg agﬁﬂgrgggw £9nGUE gﬂ'ﬂqaﬁQHﬁﬁqﬂuﬁﬁﬁnﬁQ}ﬁﬁ%ﬁ ¥Ry an

L1 uor omet haggs T 90306 BY JBOUALIUY ogt fenesul fonat ey 1oLy

basic substance such as triethylamine or by adding and
melt-blending a basic substance with the polymer to
neutralize and deactivate the catalyﬁt. The present

10 inventors have made extensive study on the methods of
deactivating the polymerization catalyst and resultantly
found, as an utterly novel method, a-highly effective
method in which deactivation is conducted by adding and
melt-blending with the copolymer a crystalline acidic

15 adsorbent comprising at least two kinds of metal oxides
or metal hydroxides. In more particular, to 100 parts
by'weight of polyoxymethylene copolymer, there is
preferably added and melt-blended 0.001-0.5% by weight,
more preferably 0.005-0.1% by weight, of at least one

20 adsorbent selected from

a) ion adsorbents comprising at least two kinds

of oxides selected from alkali metal oxides, alkaline
earth metal oxides, and oxides of trivalent and
tetravalent elements, or

25 b) ion adsorbents represented by the formula

M1, M2 (OH),A™, . - mH,0



pent af | uor oet hanesul f onat e, nethyl heptafl uoropropane- -10- 1
sul fonate, etc.; and alkylsilyl esters of super-strong acids such as

trimethylsilyl trifluoronmethanesul fonate, triethylsilyl _ _
trifluoronethanesul fonate; and the |ike. ~Catalysts conventionally used in 5

pol ymerization or copol ynerization of trioxane are Lewis acids, such as

boron trifllior Wheredm Mledenates iade laagtardnen devakent onetial phdephedus

pent af | uori de, _.and phosphorus pentachl oride, and the corrgounds or the salts
d

thereof. When £R8%e & ldRdifiq S50 Mt l ol edenates g deFdeadantt, which
amount of 1 or nPRER L oRRaIdP RS Tl SRS ATHAR? CBpGPy AoRUBRRZSat | STy
T culty,  FuPPREPLYRESS Salaly Srs 18 46 drha%t Ehe | RpRFS ner FAS  on
activity argl cgRRgh; metal oxide may be Na,0, K,0 and the like. The
alkaline earth metal oxide may be MgO, Ca0 and the like.
The trivalent and tetrévalent element oxide may be Al,0,,
§10,, TiO, and the like. Specific examples of the ion
adsorbent comprising at least two types of oxides
10 selected from these oxides include 2.5 MgO-Al§%°nH§L
2Mg0- 6Si0," hHZO, Al,0;° 9510,  nH,0, Al,0;°Na,0-2CO;' nH,0,
Mg, ;Al; 30, ;5. and the like. 1In the above formula
Mll_xsz(OH)zA‘x,n-mHzo, examples of M1 include Mg, Ca etc.,
examples of M2 include B, Al, Ga, In, Ti, Tl etc., and
15 examples of A" include CO%, OH", HCO;", H,P0,”, NO;", I-,
salicylate ion, citrate ion, tartrate ion, etc.
Particularly preferred examples are C032' and OH".
épecific examples of ion adsorbent of this kind are
natural hydrotalcite represented by
20 Mgy 5Bl 55(0H),CO5 4 15 0.5H,0 and synthetic hydrotalcite
| represented by Mg, ;Al,(OH),;CO;- 3.5ﬁ20 or similar formulas.
The amount of these deactivating agents to be
added is preferably 0.001-0.5% by weight, more
preferably 0.005-0.1% by weight, relative to the
25 polymer. When the amount is not more than. 0.001% by
wéight the polymerization catalyst is not deactivated
sufficiently. When the amount is not less than 0.5%-by

weight, discoloration occurs during molding and the



achféve a satisfactory polynerization unless the catalysts are used in a
hi gh conhcentration. Consequently, the resulting polyner contains a hi gh
concentration of residual catalyst and hence has a | ow 20 heat stability.

Therefore, a conplicated process becones necggsary including the washing
and renbval of the catalyst after polymerization. The concentration of the
catal yst in the peodsenttdne et itdre stmlded berthcldebeamges f poorl xThe| err]
to 25 2 x 10[err] %by nole relative to the principal nmononer. At
concentrations | paaticdsen danetem@s the pieaorivaaingragentsipl not. At
concentrations higher than the range, the catalyst remaining in the polyner
will cause - Pertifulgedy ydaitas dmt vis oreterably imot omopeathan
Stability of the,BgL NS attaln enhdhced dispemeittityy® Forther  the

5 deactivating agent méy be surface-treated to improve the

dispersibility into the polymer.

The deactivating agent may be added by feeding:
it to the polymerization reactor after completion of
polymerization or, in a continuous polymerization

10 reactor, by féeding it to the latter stage of the
reactor, or by adding and mixing it with the polymer
discharged from the reactor. The polymer to which the.
deactivating agent has been added may be further melt-
blended to deactivate the polymerization catalyst more

15 thoroughly. The melt-blendiné is conducted in the
temperature range from the melting point of the polymer
to 270°C. The melt-blending apparatus may be, for
éxample, single screw type continuous extruder,
Ko-Kneader, twin-screw type continuéus extruder, etc.

20 When the.copolymer obtainéd has an unstable
terminal hydroxyl group, the unstable part is decomposed
and removed by conventional methods, for example, by
heat-treating the copolymer with a basic substance, such
as an aqueous triethylamine solution. This operation

25 can be conducted simultaneously with the operation of
adding and melt-blending the deactivating agent of the

catalyst or in the same melt-blending apparatus as used

for the above deactivating operation.



when perfluoroal kyl sul fonic acids or their derivatives 5 are used as the
catalyst, hydride shift, which is a side reaction in polynerization, can be
suppressed and a pol yoxynet hyl ene copol ynmer which satisfies the condition
of Derr]/Dlerr] being not nore than 0.0251gan be obtai ned. Furthernore, .
the pre8ent inventors have found 10 that when perfluoroal kyl sul foni ¢ acids
or their derivBxampdeare used as the catal yst, the anounts of water and
formc acid contained in the nononmer greatly affect the polynerization
activity of the catal yst Thehgresenti dnventpiasentll nbendesaribhd in
concentrations of 15 water and formc acid in the nononer nust
respecti vel y bBOxRst dgdadlt pgd oo Wit n@feranwe comcboamplésnsbatethiegher
than 40 ppm the polynerization activity |owers markedly. Wen the catal yst
concentration +B8VERTERE A&nd® PPoMRY XifG[t@d |bY o-he xEXIPRESF- % by nol e

relative tq the 20 prin&'paL nononer , pouéperization does, not start at
all, or gives a very | ow B8l yEFFEz 8 §F WG SRR N skl cal .
Mol ecul ar meiggﬁaﬁgﬁggogggngsa %Qigwgreferably

1. Terminal formate: The copolymer is hot-
pressed at 200°C to form film of 15 pum thickness. The
infrared absorption spectrum of the film obtained is
10 taken, from which the ratio of absorbance at v = 1710
cm?! to absorbance at v = 1470 cm’l, D;710/Drazer 1S
calculated. |
2. Inserted amount and sequence of oxyalkylene
units: Ten grams of the copolymer is put in 100 ml of
15 aqueous 3N HCl sclution and is decomposed by heating the
solution in a tightly sealed vessel at 120°C for 2
hours. After cooling, the amounts of alkylene glycol,
‘dialkylene glycol and trialkylene glycol in the aqueous
solution are determined by gas chromatography (FID), and
20 the amount of oxyalkylene units is expressed in terms of
% by moie relative to the oxyalkylene units in the
copolymer.
. Aé to the sequence of oxyalkylene units, the
amount of monoalkylene glycol corresponds to n=1, the
25 amouﬁt'of.dialkylene glycol to n=2 and the amount of
trialkylene glycol to n=3.
3. MI: This is determined in accordance with

ASTM D-1238-86.



used in the polynerization are al cohols and ethers. 25 Particularly
-preferred are alkyl ethers, such as methylal and the like. Water, formc
acid, nmethyl fornate, etc., also act as a nol ecul ar weight controlling
agent besides those nentioned above. In thet7 -- 12 - 1 present
i nventidn, however, particularly water and formc acid cannot be used
because of Lhei4. effect dieattstalsilaty:vi Rgsdastsi betadnede inViiryl
formate also i.s unpreferable since it forns termnal formate groups. 5
Therefore, wherdnifaion groddinginachinee(Aybutgr Abierosndent di0ded as
inmpurities in the nononer, the anmounts of these inpurities nust be reduced
as much as posﬁqﬂq?tﬂﬁﬂﬁwi@%ﬁmeIrﬁe%ﬁﬁﬁheTr@ﬁlanﬁnEe)oﬁtpé!Fﬂﬁnﬁzb?hog;
The nol ecul ar wei ght of the 8%¥ r of the 10_ present invention shou e
in the range frtﬂ%ﬁfwef d’fg ,‘g;%é.a%eﬁh?%efﬁﬁm%‘éuFaFoméﬁéﬁt pigcest afore
than 5 12 by 120 by 3 mm. The time at which a silver streak
develops on the test piece surface is determined. The
higher the value of the time is, the more excellent is
the heat stability of the polymer.
5. Resistance to heat aging: Test pieces in
10 accordance with ASTM D-638 are held in a Geer Oven (type
GPS-222, mfd. by Tabai ESPEC CORP.) at 240°C and then
examined for retention of tensile strength.
6. Resistance to hot water: Test pieces in
accordance with ASTM D-638 are immersed in hot water
15 (flowing water) adjusted to 120°C and then examined for
retention of tensile strength.
Note)  Description of abbreviations in the Tables
A-1l: trifluoromethanesulfonic acid
A-2: trifluoromethanesulfonic acid anhydride
20 A-3: methyl trifluoromethanesulfonate
A-4: trimethylsilyl trifluoromethanesulfonate
A-5: boron trifluoride dibutyl etherate
B-1: Mgj ;5819 250 125
" B-5: triethylamine

C-1: 1,3-dioxolane



10, 000, a satisfactory nechanical property cannot be obtained. On the other
hand, when the nol ecul ar weight is not |ess than 200, 000, processability of
t he pol yner, 15 such as noldability and extrudability, is markedly poor,
which is unpractical. The polynerization appargtls used in the present

I nvent ifon may be either a batch-w se one or a continuous one and is not

particularly fimted. As2a 2R3-fdpdned 561 pobymeLi zati on apparatus, there
may generally be used a reaction vessel equipped with a stirrer. As a

conti nuous appar at us, Q+Pr el Mybianskibkefbrmbédani ng type bl enders, e.g.
Ko- Kneaders, tw n-screw continuous extruder-bl enders and doubl e shaft,
paddl e type 25 conti flrdls blterranedihe pormadri zati on tenperature may be
60-200[err]C, preferably 60-140[err]C. The polynerization time is not
particul arly restrict &rdutetfunlang (gxid®ected fromthe range of not |ess
than 10 seconds and - :

5 Example 1 |
Two thousand grams of a highly purified

trioxane (containing 2 ppm of water and 3 ppm of formic
acid), 0.8% by mole per trioxane of 1,3-dioxolane and
0.2% by mole per trioxane of methylal were placed in a

10 Jjacketed kneader having two Z-shaped blades and the
mixture is heated to 70°C. Then a dioxane solution of
trifluoromethanesulfonic acid (0.002 mol/2) is added so
as to give a propoftion of trifluoromethanesulfonic acid
to trioxane of 5 x 107 % by mole, and the resulting

15 mixture is allowed to polymerize. Fifteen minutes aftér
the initiation of'polymeiization, cold water is put. into
.the jacket and the reaction mixture is cooled under
nitrogen atmosphere. After 1 hour, the content of the
kneader is taken out, and Mg, ;Alg ,50, ;o5 (Kyowaad KW2300,

20 a trade name, mfd. by Kyowa Chemical Industry) is added
as a deactivating agent in a proportion of 0.01% by
weight relative to the polymer obtained, and the
resulting mixture is extruded at 200°C with a vent-type
twin-screw extruder. Further, 1 part by weight of

25 triethylamine, 5 parts by weight of water, and 0.2 part
by weight_of 2,2-methylenebis(4-methyl-6-t-butylphenol)

are added to 100 parts by weight of the polymer extruded



-13- 1 not nore than 100 minutes. After polynerization, the catalyst is
usual |y deactivated since the catal yst contained in the pol ynmer produced
causes depol yneri zati on. The deactivation is 5 generally conducted by
contacting the polynmer with an aqueous soldtign-or an organi c sol vent
cont ai rfi ng a basi c substance such as triethylam ne or by addi ng and

mel t - bl endi ng a édkeve andsthaecmiwikhiret ie poitmwied ovitduta aléne-type image
deacti vate the catal yst. The present 10 inventors have nmade extensive study
on the nethods o$cdedcextuviiag (Bstpusied iteampentomes 10 %hd vetl tant |y

found, as an utterly novel nethod, a highly effective nmethaod in which
deactivation i s popdseres BYOaBEFA] -andNRelCORRIIMAThERMS IPRYFELRDoISmer a

crystalline acidic 15 adsorbent conprisiggu%t | east two kinds_ of netal
oxi des or netal AYAFBRFERSLOFnihSr ESFRLPRLy QTS 1 GFRPUY £ HNIRT TR

pol yoxymet hylene ool WIEe LSES, ' 3RS R YAl el
- heat stability, resistance to heat aging and resistance
to hot water. The results are shown in Table 1 and 2.
The polymerization yield is as high as 89% and
D;710/Dy470r Which represents the amount of terminal formate
10 groups, is as low as 0.01. With regard to oxyalkylene
units, the aﬁount of diethylene glycol relative to the
amount of ethylene-glycol is as low as 0.3% by mole.
With regard to the properties of the polymer,
heat stability is good and tensile strength was
15 excellent. Further, resistance to heat aging and
resistance to hot water afe both good, the retentions of

tensile strength after the lapse of 2000 hours being 80%

or more in both tests.

Examples 2 to 18

20 Polyoxymethylene copolymers are éynthesized in
the same manner as in Example 1 except for changing the
amounts of catalyst, water and formic acid in the
monomer, 1,3-dioxolane and methylal and/or varying the
type of comonomef and other conditions as shown in TéSle

25 1. The polymers obtained are treated and evaluated
respectively in the same manner as in Example 1. The

results are shown in Tables 1 and 2. Similarly to the



nore preferably 0.005-0.1% by wei ght, of at |east one 20 adsorbent selected

froma)* ion adsorbents conprising at |east two kinds of oxides selected
fromal kali netal oxides, alkaline earth netal oxides, and oxides of
trivalent and tetraval ent elenents, or 26 20 - b) i on adsorbents
represented by the forrmula [err] REPLACEMENT SHEET -14- 1 wherein ML

denot es at ) easesvAssdiinaExampdet dl, adlledite’dl ol Fhens | sowedt A hdghl s

denotes 'a trivalent netal;
satisfying 0 <PRlymprizetionyyde
oxi de may be
oxi de may be

® gh uPﬁe | AREC TRREY iShavwatl AP ihertl ehebdldkent

oxi de may be A%LSrQLCL§Ee51ent tensile strength. Furthe;, the

5

10

15

20

25

copolymers were excellent both in resistance to heat
aging and in resistance to hot water, the retentions of
tensile strength after the lapse of 2,000 hours being

both 80% or more.

Examples 19 to 23

Polyoxymethylene copolymers are synthesized in
the same manner as in Example 1 except for changing the
type of catalyst, the amount of catalyst and other
conditions as shown in Table 1. The polymers obtained
are treated and evaluated respectively in the same
manner as in Example 1. The results are shown in Tables
1l and 2. Similarly to the results in Example 1, all the
EOpolymers showed a high polymerization yield and a low
content of terminal formate groups. Also, they showed a
good heat stability and en excellent tensile strength.
Further, ﬁhe copolymers are excellent both in resistance
to heat aging and in resistance to hot water, the
retentions of tensile strength after the lapse of 2,000

hours being both 80% or more.

Comparative Example 1
A polyoxymethylene copolymer was synthesized

by using the apparatus of Example 1 and in the same

Alerr] denotes an n-valent apion; x is a nunber

ang godiaw \eOnHisRferof THRrBinakkal i et al
Rg%Fm€£C> Klerr]O and the_ like. The alkaline earth npetal



Si®2, Ti® and the like. Specific exanples of the ion adsorbent conprising
at Ieast two types of oxides 10 selected fromthese oxides include 2.5

MJO. Al [err]derr].nHerr] O 2MjO. 6SiJerr].nHerr] O
Alferr]Jerr].9SiJerr].nHerr]O Aferr]<2xrrd4.Naferr]O 2CJerr].nHerr] 0
My[err]Al[err](err], and the like. 1In the above fornula

ML[ err] M2 edr] (mrp%rrq%[mrq:xmb@r}oexeganprtagtoquon frotifdeadmideca etc.
exanples of M include B, Al, Ga, In, Ti etc., and 15 exanpl es of
Alerr] include Epery}, e@f%ﬁ? (@-I(ﬁ?e‘Fl?}/QHPEBFFPG[ élorl]‘lt-‘Nq)erJrﬁ usgdrr],
salicylate ion, C|trat on, tartrate ion, etc. Par cuIarIy preferred

exanpl es are cGeririe @f’éﬁ'ﬁtl%eﬁﬁz?&yéigﬁfgﬁe§ &R I¥#dor bent  of
this kind are natural dr ot aJ ci [esente .
My[err] Al [err] (% %d%‘?rll ‘f)h%'l‘—?‘rif‘ é ethc“Pﬂ/]tﬁ'p‘E%Jral:H‘ée .
I
formias. 1 Ey#éh *4’@{ s R T OATT e kganp L SEBE Bk Xt fin rsuol y
0. 001-0. 5% by \\?ﬁl@t 1M &y g\;iegl,graaltﬁé(agtl(_)‘p%ﬁgn&%g%ng%ghtther %I ti ve to the

25 polynmer. e anount 1's not nore wel ght

pol ymeri zat i on reiirdy s | s NanfiPRC ] Vategl spblh ek enk! isol\m@?c the amount i s
not | ess than 0.5% by

treated and evaluated respectively in the same manner as
in Example 1. The results are shown in Tables 1 and 2.

10 The polymer showed a high value of terminal formate
amount of 0.045 in terms of D;;,/D)4;0- It showed a heat
stability of 48 min, which is markedly lower as compared
with the values in Examples. The copolymer is poor both
lin resistance to heat aging and in resistance to hot

15 water as compared with the polymefs of Examples, the

retention of tensile strength after the lapse of 2,000

hours being 60% or less.

Comparative Examples 2 to 8
Polyoxymethylene copolymers are synthesized by
20 using the apparatus of Example 1 and in the same manner
as in Example 1 but under the conditions shown in Table
1. Under the conditions of Comparative Examples 3 and
4, the polymerization activity is insufficient and no
polymer could be obtained. Under other conditions,
25 polymers could be obtained although the polymerization
ylelds are lower than in Examples. The polymers

obtained are treated. and evaluated respectively in the



wei ght, discoloration occurs during nolding and the - 15 - 1 color tone
of the %ol ded article becones poor. The particle dianeter-of the
deactivating agent is not particularly limted, but is preferably not nore
than 100[err]mto attai n enhanced di spersibpjity. Further, the 5

deacti viting agent may be surface-treated to inprove the di spersibility
into the pollynesamdhpantesctdyain Comgenatieg Brangded 1hy freedingsiitso the
pol ymeri zation reactor after conpletion of polynerization or, in a

conti nuous pol yame ishawnninlabkestbrandy2f eediligthe bo lyime dsatdteswed age of
the reactor, or by adding and mixing it with the polynmer discharged from
the reactor. THE.EbIXaRE tof HeEMIhk femateagkraypageounitas fhderd4dided may
be further nmelt- blended to deactivate thedfolynerization catal yst nore 15
thoroughly. THOHReI i Rf iRiwdRouct edR1$0t hehey showed a heat

5 stability of S50 min or less, which is markedly lower
than in Examples. Further, they are poor both in
_resistance to heat aging and in resistance to hot water,
the retentions of tensile strength after the lapse of

2,000 hours being both 50% or less;.

10 Comparative Examples 9 and 10
Polyoxymethylene copolymers are synthesized by

using the apparatus of Example'l and in the same manner
as in Comparative Example 1 but under the conditions
shown in Table 1. Thirty minutes after the initiafion

15 of polymerization, 1 2 of an agueous 5% by weight
triethylamine solution is added to deactivate the
-polymerization catalyst and terminate the
polymerization. The polymer obtained is-collected by
filtration and dried by heating under a nitrogen gas

20 stream at 135°C. Then, to 100 parts by weight of the
polymer thus obtained were added 1 part by weight of
triethylamine, 5 parts by weight of water and 0.2 part
by weight of 2,2-methylenebis (4-methyl-6-t-butylphenol)
and the resulting mixture is extruded with a vent-type

25 single screw extruder (extrusion temperature: 200°C,
vent pressure: 200 torr).

The polymers thus obtained are evaluated in



tenperature range fromthe nelting point of the polyner to 270[err]C The
mel t - bl*endi ng apparatus nay be, for exanple, single screw type continuous
extruder, Ko-Kneader, tw n-screw type continuous extruder, etc. 20

When the copol ymer obtai ned has an unstable28esm nal hydroxyl group, the
unst abl & part is deconposed and renobved by conventional methods, for

exanpl e, by lheathergamenyanhercapoinpnBrampille d .badhe sigstldiw grsusioas an
aqueous triethylam ne solution. This operation 25 can be conducted

si mul t aneousl y WntBabhesoperddi dn ofhadeprpglamenselshawashd dyidhevalue

deactivating agent of the catalyst or in the same nelt-bl endi ng apparat us
as used for thePhpbSEnERALt FOERERY FEeRB: ABRUNt of 5040 qS(é)rr&"e‘P‘FHb

invention will _be described jn nore detail helow with reference to
E;gﬁgrésl but tHerms of Dum/Dmm° Also, they sgoweg a wéat stéil ity of

5 35 min or 40 min, which are markedly lower than in
Examples. Further, the polymers are very poor both in
resistance to heat aging and in resistance to hot water,
the determination of tensile strength after the lapse of

2,000 hours being impossible.

10 Comparative Examples 11 to 16
Polyoxymethylene copolymers are synthesized by
using the apparatus of Example 1 and under the same
conditions as in Example 1 except for changing the
amount of trifluoromethanesulfonic acid of
15 polymerization catalyst and the moisture content and the
formic acid ¢oncentration in the monomer. The results
.are shown in Tables 1 and 2. At a catalyst
| concentration of 1 x 10 $ by mole relative to trioxane,
no polymer could be obtainedﬂ Also,_at catalyst
20 concentrations of 2 x 10 to 5 x 10° % by mole relative
to trioxane, no polymer could be obtained or
polymerization yield is very poor, when the amount of
water or formic acid in the monomer is 50 ppm or more.
Further, at a catalyst concentration of 5 x 10 S g by
25 mole relative to trioxane, the polymer obtained is very
poor in heat Stability,_resistance to heat aging, and

resistance to hot water.



invention is in no way limted by the Exanples. 5 The itens of
deterntnation shown in the Exanples are as follows. 1. Term na
formate: The copolyner is hot- pressed at 200[err]Cto formfilmof 15
[err]m thickness. The infrared absorption sgectrumof the filmobtained is
10 taKen, fromwhich the ratio of absorbance at v = 1710 cnferr] to
absorbance at \Compbh4ationd @wamplldsery] /4% e20], is cal culated. 2.

I nserted anmobunt and sequence of oxyal kyl ene units: Ten granms of the

copol ynmer is put in 100 Folyoxyme thylens SHpHymevs uarensynthesidedoiyosed
by heating the solution in a tightly sealed vessel at 120[err]C for 2
hours. After co6iinggthehappesats ff Bxgnrke Yl grd| under| kheefdmgl ycol and
trial kyl ene glycol in the aqueous solution are determ ned by gas

chr omat ogr aphy CORABE108%d 280 4 EXAMRLR bie¥xSRYF kK§PENELERILRI| thexpressed
in terms of _% by nole relative to the oxyal kylene units jp the,copolyner.
As to the séquéﬁ@@nto X FRMEROBIRE -uniThe Hqi?hers thus “obtained”are

treated and evaluated respectively in the same manner as
in Example 1. The results are shown in Tables 1 agd 2.
When the amount of inserted oxyalkylene units in the
polymer is 0.05% by mole or less, thé resulting polymer
10 is markedly poor in heat stability, resistance to heat
aging, and resistance to hot water. On the other hand,
when the amount of inserted oxyalkylene units in the
polymer is 0.6% by mole or more, the polymer showed a

markedly low tensile strength.

15 Examples 24 to 26
| A continuous blending reactor (KRC-Kneader, a

.trade name, mfd. by Kurimoto Limited) comprised of a
barrel of L/D of 14 having a crossisection of partially
overlapping circles of 50 mm inside diameter and

20 equipped on the outside with a jacket through which a
heating medium can be passed, and of two rotating shafts
provided inside the barrel and having a number of
paddles which engage with one another is used. At a
jacket temperature of 80°C and a number of rotation of

25 78 rpm, trioxane (2 kg/hour), 1,3-dioxoclane (3 levels of
0.3, 0.8 and 1.4% by mole relative to trioxane),

methylal (0.3% by mole relative to trioxane) and é



anount of nonoal kyl ene gl ycol corresponds to n=1, the 25 anount of

di al kyl*ene glycol to n=2 and the anount of trial kyl ene glycol to n=3. 3.
M: This is determ.ned in accordance with ASTM D- 1238- 86. - 17 - 1 4.
Heat stability: Resin is retained in an4m®ction nolding nmachine (Arburg
Al'l -rouhder 100, a trade name, nfd. by Western Trading K K. ) at a cylinder
t enper at ur e lof @80kane] Sodndivhe(10f 00Remolpt/d )t et pieces of 5 12 by 120
by 3 nm The tine at which a silver streak devel ops on the test piece
surface is det ebFifitworgnethanpsrlfoeiqapgédoprehded wontsnudws Ijprimto

excellent is the heat stability of the polyner. 5. Resi stance to
heat aging: TeSRepFRREEOFNSAMAS kR T HERCR RFPROASTOINDOF38 are held in a

Geer Oven (type. P d5fondt Rancdulfortc BEET E6 brioans ar 1 b1 § Men
5 Dby mole, to effect polymerization. The polymer

discharged from the polymerization reactor is taken out
under nitrogen atmosphere, then Mgy 75810250125 (Kyowaad
KW2300, a trade name, mfd. by Kyowa Chemical Industry)
was added as a deactivating agent to the polymer in a

10 proportion of 0.01% by weight to the polymer, and the
resulting mixture is e#truded with a vent-type twin-
screw exfruder at 200°C. To 100 parts by weight of the
polymer thus obtained are added 1 part by weight of
triethylamine, 5 parts by weight of watér and 0.2 part

15 by weight of 2,2-methylenebis(4-methyl-6-t-butylphenol)
and the mixture is extruded with a vent-type single
screw extruder (extrusion temperature: 200°C, vent
.pressure: 200 torr). The copolymers thus obtained are
evaluated in the same manner as in Example 1. The

20 results are shown in Tables 1 and 2. All the polymers
showed a high polymerization yield and a low amount of
terminal formate groups. They showed a good heat
stability and excellent tensile strength. Further, the
copolymers are excellent both in resistance to a heat

25 aging and in resistance to hot water, the retentions of

tensile strength after the lapse of 2,000 hours being

80% or more.



exam ned for retention of tensile strength. 6. Resi stance to hot
water: * Test pieces in accordance with ASTM D-638 are imersed in hot water
15 (flowi.ng water) adjusted to 120[err]C and then exam ned for retention of

tensile strength. Note) Description of agbreviations in the Tables A-1:
trifluof omet hanesul fonic acid A-2: trifluoromethanesul fonic acid anhydride
20 A-3 neEkApplesi brueposet hanesul fonate A-4: trinmethyl silyl

trifluoronethanesul fonate A-5: boron trifluoride dibutyl etherate B-1:
My[err]Al [err]Jerr] B-2:PaljeryhekhylpniajoepdlOni2Gsy eard . dyrethé€i 26d
B-3: My[err]Al[err]( [err]COerr].3Herr]OB-4: Aferr]Jerr]. 9Sigerr].
H err] O B-5: trurday| sheneamelconddtdpogoksndn Example 25. Then, the
deactivating agents shown in Table 1 were added to the
5 copolymers, as a deactivating agent used after
polymerization, in amounts shown in Table 1, and melt-
blended in the same manner as in Examplg 25. The
resulting polymers are treated and evaluated
respectively in the same manner as in Example 25. The
10 results are shown in Tables 1 and 2. All the copolymers
showed a good heat stability and tensile strength as in
Example 1. Further, the copolymers were excellent both
in resistance to heat aging and in resistance to hot

water, the retentions of tensile strength after the

15 lapse of 2,000 hours being 80% or more.

Comparative Examples 21 to 25.

. Polyoxymethylene copolymers are synthesized in
the same manner as in Example 1 but under the conditions
shown in Table 1.

20 The copolymers are treated in exactly the same
manner as in Exampie 25 except that the copolymers are
taken out from the polymerization reactor under a
nitrogen atmosphere containing 1% by volume of air, to
obtain polyoxymethylene copolymers. The polymers

25 Yobtained were evaluated in the same manner as in Example
25. The results are shown in Tables 1 and 2. The

polymers obtained all showed a terminal formate group



- 18 - 1 C-2: 1,3-propanediol formal C-3: 1,4-butanediol formal GC 4:
1, 6- hexanediol formal C5: ethylene oxide 5 Exanple 1 Two thousand grans of
a highly purified trioxane (containing 2 ppmof water and 3 ppmof formc
acid), 0.8%by nole per trioxane of 1,3-digxolane and 0.2% by nole per
trioxané of methylal were placed in a 10 jacket ed kneader having two
[err]-shaped bladtemn®d e 09 Hlnrs ifat&ems 0of 0D 3 fis® N mThe*ﬁhé di oxane
solution of trifluoronethanesul fonic acid (0.002 rml”% i"¥%dded so as to
gi ve a proport ipalyaleds iWdreoaQime ghaiest IBsdh Cix@Ci‘QsiQt&ﬁtéxaﬂeh@Bt5 X
10[err] %by nole, and the resulting 15 mxture is allowed to pol ynerize.
Fi fteen m nut eagdhigeranidhdn melsiisttamreoftpdytreva et i Dhancehdseab€r i s put
into the jacket and the reaction m xture is cool ed under nitrogen

at nosphere. Af Exampliesyr theheetemtdionsofoft heerkecbelestrengbkeafbar, thed

err] Al err err Kyowaad KwW2300,
Vol TAL ]q se] o(f Y 000 hours be:Lng 60% or less.



20 a trade nane, nfd. by Kyowa Chem cal Industry) is added as a
deactivating agent in a proportion of 0.01% by weight relative to the

pol ymer obtained, and the resulting m xture is extruded at 200[err]Cwith a
vent-type tw n-screw extruder. Further, 1 part by weight of 25
triethylamne, 5 parts by wei ght of water, and 0.2 part by wei ght of

2, 2-met hyl enebi s( 4rethy—p—trbtt p..rno) o€ et—ta—190—pari-s—py—wehght
of the pol ymer ext [ udeéd -19-j.anovea”|d{he mixtyreli s|exyruded wijth
a vent-type inmage >g_r|ev\,/gex.ruder (extfusjon|tepnperatjurg: 200[erf]q vent
pressure: 200 torr).o as:)po!I ge-r-u thlus—pbs pi-nect || s jevdl vated +pr—] 5
terminal formate, AENE Bf FnSdrEeds S pTRIKYHE Ut SedqupRe U2
oxyal kyl ene units,| & & He®f St ®i Pi[tF] PSSy By ReaP || Y| &de| ©
resi stance to hot /\%g The [requl §{s @re| shpwnj in Tdblg 1}lang 2| The
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whi ch represents the anount of termnal formate 10 groups,
t he anount of

is as | ow as
heat stability

Dierr]/Derr],
is as l'ow as 0.01. Wth regard to oxyal kyl ene units,
di et hyl ene glycol relative to the anount of ethylene glycol

0. 3%by nole. Wth regard to the propertiesof-the pol yner,

is good®and tensile strength was 15 excellent. Further resistance to
heat agi.ng and gest+stean =oTHO—rRte e—poth—goog—the; ret enti ons of
tensile strength a@gr the | 4ps¢ 2D00 'ho’urs bgi ng 80% pr nore in both
tests. Exanpl es 343-30318 20 Iyoxyrret hyllgpe gsppol yners are
synt hesi zed i n [ e cs@| rgNAgr—as—| 4 n? exceptof ap | changi ng the
amounts of cat al yst “Vit &| N | & Kli Mt Fd BorBmes| 1, 3- di oxol ane
and nethyl al ang/& Qg e | t9p& p cGhofgn®r| And®pt her conditions as
shown in Table 2%31& The pol yrer g opt g ned gre|treat ed pnd eval uat ed
respectively in gang manner jas|inf Exfanpl e [1. [The results are shown in
Tabl es 1 and 2. SrHrt-at ytuth-
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- 20 -1 results in Exanple 1, all the copolynmers showed a high

pol ynmerd zation yield and a | ow content of term nal formate groups. Also,
they showed a good heat stability and an excellent tensile strength.
Further, the 5 copolynmers were excellent Botk in resistance to heat aging
and in re5|stance to hot water, the retentions of tensile strength after
the | apse of 2,000 hours being both 80%or nore. Exanples 19 to 23 10

Pol yoxymnet hy| ene C'\nnl VOARL S Ak Vdals hesized-in.the-sa et —aS—i
Exanpl e 1 except fpr ¢ha gi hg t heg type|of |catal yst the anguntf of cata yst
and ot her conditiops~asn$hovo] b |Tal)l @ | 1o | The p)lymswbtcl ned“arne tw eat ed
and eval uated respediveliys| sl by sang|15| Sanper, asglaqE)den'ﬁl e..:-.c; e
results are shown ;gh'l'ablesland 2. Siimllarly to the|l rgsuljtsiin|Exanple 1,
all the copol yners owed a| hijgh |pol{fymgri zat{on]yi el d and 3 Icw
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content of termnal formate groups. Al so, they showed a good heat stability
and an %®xcellent tensile strength. 20 Further, the copolyners are excell ent
both in resistance to heat aging and in resi stance to hot wat er, the
retentions of tensile strength after the- &ds¢& of 2,000 hours being both
80% or hore. Conparative Exanple 1 25 A pol yoxynet hyl ene

copol yner was synt hesi zed by using the apparatus of Exanple 1 and in the

samne -21- 1 —epner—as—inExalple—lrexgsepi—that—bgren trifluoride
di butyl etheratp (9.0 m)l/ benzene*S)Iumn) | s lusgd gs the
pol yneri zati on takal manrd idlewdatdl y$tnfonpen rgtign ifs changed to 5 x
10[err] % by no| & td,/Q; Sload|r &0xanas | The ol_ymﬁr fdken out fromthe
kneader was meltg)en ediwith |a deag¢tiyat}|ng| agent| in the sane manner as in
Exanple 1. The fesulting|po] ymer |is -
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treated and eval uated respectively in the same manner as in Exanple 1. The
results* are shown in Tables 1 and 2. 10 The pol ymer showed a hi gh val ue of
termnal fornmate amount of 0.045 in terns of Derr]/Derr]. It showed a
heat stability of 48 min, which is markedl §2]l ewer as conpared with the
val ues in Exanples. The copol yner is poor both in resistance to heat aging

and in resistance [0 Qot 5 [wafer J[as cpnparjed wjtn the pql ynmefs ol
Exanpl es, the retenti emof| tgnsil ellstrength [afteg the| | apde of | 2, 00J0 hours
bei ng 60% or | ess.| CofpardtiJe Exalfpl es{2 td 8 Pl yoxlynet Byl eng cogdol yners
are synthesi zed by] 208 Bs1ng |[tH¢ JPpar al @ of Exanpl ef & andZi n| the |sgne
manner as in Exanpl & H bl un esconditijorts hl?wn Ln Tahl e L Unger t he
condi ti ons of Conparaviye-{Exanples{|3 angd 4, |the polynerizatronjactifjvitylis
i nsufficient and no%ﬁl&m&r ¢ould he obtaingd. Upder ot heq conditiqgns, 5
pol yners coul d be pBt®i%ed aljt hpugl) t he| pol yineri zatign yi ¢l ds pre Ilower
than in Exanples. [The polynefs obtgined}are [treafed aﬂnd eyal uafed
respectively in the- o
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-22- 1 sane manner as in Conparative Exanple 1. The results are shown in
Tabl es«1 and 2. All the polynmers showed a high value of termnal fornate
group anmount of 0.040 or nore in terns of Derr]/Derr]. A so, they showed
a heat 5 stability of 50 min or |less, whichzis markedly | ower than in
Exanpl es. Further, they are poor both In resi stance to heat ag| ng and in

resistance to K eptpts—gi—tepstte—strengtiyaft¢r—thet=apse
of 2,000 hours | esls. 1Q Conparat|i ve Exanpl es 9 and 10
Pol yoxynet hyl er synthesi zed by usiing the agparatus af
Exanple 1 and i : as Jin Cgnparpia ve Exapphe [1-buf tunder t he
condi ti ons shovwwﬁ“’]’ﬁblﬁ 1 yThifrgy frinujes af fr |the |Mtijali oh I5| &
olyneri zation,} &% +bf4ah aqleodis' 5% by el ght R rilet hy| &M eSsol i dn<i s
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pol ymeri zation catalyst and term nate the polynerization. The pol yner
obtained is collected by filtration and dried by heating under a nitrogen
gas 20 streamat 135[err]C. Then, to 100 parts by wei ght of the polyner
thus obtained were added 1 part by weight- &4 t+iethylamne, 5 parts by
wei ght of water and 0.2 part by weight of

2, 2- met hyl enebi gt#A=methyt=>6gt=butytphermot—ard—thejresulting mxture is
extruded with ajvel@wtype 2% single dcrew| extrluder |(extrusion tenperature:
200[err] C, vent|presure: 200 tofr). (The polyners thus obtained are
eval uated in -ogc-a Htregsarrm ngnaer | as in-—ExaFrrpIe 1. The results are
shown in Tabl es| 1 &nd 2| <rhé copoﬁ/n"ers shéwed = hi gh val ue of term nal
formate group apimEd| & 040Por| @ 044°i n} Rrs<of D err]/ D err]. Al so,
t hey showed a heggsg,ab lity of b 3% minfor 40 mp, which are markedly
| ower than in oo
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Exampl es. Further,

aging ahd in resistance to hot water,
after the | apse of 2,000 hours being inpossible.

the polyners are very poor both in resistance to heat
the determ nation of tensile strength
10 Conparative Exanpl es

11 to 16 Pol yoxynet hyl ene copol yners are-sy3® hesi zed by using the apparat us

of Exanple 1 and under the sane conditions as in Exanple 1 except for

changi ng the anmount of trifluoronethanesulfonic acid of 15 polynerization

catal yst and the mpisture cont
mononer.. The resul g

concentration of 1
coul d be obtai ned.

x 10[err] % by nol ¢

pol ymeri zati on vyi el

in the nononer is %

x 10 [err] %by 25

‘Table 1-2 (Cont’d)

and the formc acid. concentration t he
s 1 . At a C
el t 0 tjr ~nOX r
& 20 poncentfdidng of @ X A0[erd] fto 5
i oxane, yner{ cou obt @i ned| or
n the amount df wajer gr fo aci d
trer—at—arcatgtystycongentrat+on of 5
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poor in heat stability, resistance to heat aging, and resistance to hot
water. « - 24 - 1 Conparative Exanples 17 to 20 Pol yoxymet hyl ene

copol ymers are synthesized by using the apparatus of Exanple 1 and under
the same conditions as in Exanple 1 except 360+ changing the 5 amount of
conmononer. The polyners thus obtained are treated and eval uat ed
respectively in the sanme manner as in Exanple 1. The results are shown in

Tables 1 and 2. \hen the amount of inserted oxvalkylene units in the
polymer is 0.03% hy nble r I gss, the rsul tji ng polyner 10 is jmark¢dly poor
in heat stabilijty,| AeSkst ange |t o heat I ng,| @nd| r esijs&sante td hot {vat ey .
On the other hgnd,| $heg t hesanoynt |of ijngertled okyal KyLieng pnifts in Lhe
pol ymer is 0.6%>gy | e of morle, the pol ynen showed q narkedly | owjtens| | e
st rengt h. -
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15 Exanples 24 to 26 A continuous bl ending reactor (KRC Kneader, a trade
name, nfd. by Kurinoto Limted) conprised of a barrel of L/D of 14 having a
cross section of partially overlapping circles of 50 nminside dianeter and
20 equi pped on the outside with a jacket_tf§ough which a heating medi um can
be passed, and of two rotating shafts provided inside the barrel and having
a nunber of paddl es which engage with one another is used. At a | acket

temperature of 80[err]C and a nunber of rotation of 25 78 rpm trioxane (2
kg/ hour), 1, 3-dli ofol gne (B levVels of 03, 0]8 and 1.4%by nole relative to
trioxane), nethyldl~(0~3% by ol e rgl atlime [ trfi oxane) and a - 25 -1
di oxane sol uti or¥ (04902 npl e/ 1), of[ tyifil Yor pnet Hanesul fonic acid are fed
conti nuously |1tg tfié reagt'or [sb as to grve| a prjoportion of
o |
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trifluoromethanesul fonic acid to trioxane of 1 x 10[err] %5 by nole, to
ef fect polynerization. The polyner discharged fromthe polynerization
reactor is taken out under nitrogen atnosphere, then My[err]Al[err](err]
(Kyowaad KW2300, a trade nanme, nfd. by Kyowa Chem cal Industry) was added
as a deactivating agent to the polyner in a 10 proportion of 0.01% by

wei ght to the polynmer, and the resultingagjgtore is extruded with a
vent-type twin- screw extruder at 200[err]C. To 100 parts by wei ght of t he

pol ymer thus oprarmed are added J. part 'u weu ght—of tTTethytamme;—S5parts

by wei ght of whter and 0. 2|pfaR dieat Tensile

2, 2- net hyl enebl s(4- net hyl - 3-(t°-°dut |(;9ff/ |r911ahc| %vf@%ﬁ%mestge@ﬁ&trhuded with

a vent-type sihgle screwe truder ] (extrusion vent

pressure: 200 @rxra}npl'glq cngqlzy,@ s thyp, @bt ai ned e eval uat qq in the sane

manner as i n Egampre—t—Thg 20— Te¢sutts—are—sifrowr—n—Tabt T and 2— Al |

the pol yners s1@V€é@Pd-elﬂ20h BdRyReli zatli®brb yield and8 | ow am)l'mB of

:g:lrsni Inagl SI(r)regg Ex%’gﬁ%.g Hq_?zgs_lgo hed agg.%)d heat stgebbl l'i ty anqlgxcel ent
Example-4 == 9.5 ' 91 715
Example-5 | 172.8 8.8 86 715
Example-6 == 9.2 85 715
Example-7 | == 9.5 85 715
Example-8 173.8 8.8 86 732
Example-9 | 173.1 9.0 87 725
Example-10 | 171.1 9.2 94 709
Example-11 | 170.2 10.6 103 702
Example-12 | 172.0 9.5 92 712
Example-13 | 171.8 9.2 90 712
Example-14 | 171.8 9.2 95 712
Examgle-ls 172.1 45.2 90 712
Example-16 | 172.3 32.0 93 712
Example-~17 | 172.5 3.2 ‘96 715
Example-18 | 172.5 1.4 99 715
Example-19 | 172.4 9.0 96 715
Example-20 | 170.1 9.3 96 702
Example-21 | 162.5 8.8 97 715
Example-22 | 173.8 9.0 94 733
Example-23 == 9.5 91 715
Example-24 | 173.6 8.9 95 732
Example-25 | 172.5 9.2 100 715
Example-26 | 170.2 9.2 95 702
Example-27 == 9.2 91 715
Example-28 == 9.2 99 715




copolyners are excellent both in resistance to a heat 25 aging and in
resistance to hot water, the retentions of tensile strength after the | apse
of 2,000 hours being 80% or nore. - 26 - 1 Exanples 27 to 31

Pol yoxynet hyl ene copol yners are synt hesi ze@9%umnder the sanme conditions as
Exanpl e 25. Then, the deactivating agents shown in Table 1 were added to
the 5 copol yners, dgact T vetT g TaggntTos f-t-er—potyrert+gatiort—
anounts shown in Tabl e |1, |an |t RQlended in the sange nner [as|in
Exanpl e 25. The resu] tijng|po rsf arle tireate nd eval uat ed rgspective|y

i
y a

in the same manner as ilnokxgimle A5«[The L0 fesblis are fshdqwnlin|Tabl e
L a GDd:é( 4 éﬁiﬁé ich |y oejneéb 0| ®
th (o] o]

in

U
H

and 2. Al the copdl yeBs ® & |aceg P &b lab |y on tensel do| o
strength as in Exanpl &€[1|Fuf r,] the ¢opol yprers wer e excelll ent ot n

v

. 1,000 hr
99
98
98
97
97
95
95
96
96
98
98
98
98
99
98
98

‘Hot water resistance

500 hr
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

90
90

2,000 hr
90
92
91
90
91
88
90
88
89
94
95
89
92
92

Table 2-1 (Cont’'d)

1,000 hr
100
100

99
97
98
97
98
96
97
99
100
99
98
98
98
98

Heat aging resistance (%)

500 hr
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Example-1
Example-2
Example-3
Example-4
Example-5
Example-6
Example-7
Example-8
Example-9
Example-10
Example-11
Example-12
Example-13
Example-14
Example-15
Example-16




In resistance to heat aging and in resistance to hot water, the retentions
of tenstle strength after the 15 |[|apse of 2,000 hours being 80% or nore.
Conpar ati ve Exanples 21 to 25. Pol yoxynet hyl ene copol ynmers are synt hesi zed
in the sane manner as in Exanple 1 but unde€® +he conditions shown in Table
1. 20 ° The copolyners are treated in exactly the sanme manner as

I n Exanpl e 25 gXcqgpt |t hat %ne COPOTYTET ST arfe tjakgm gut}jf rom t he

pol yneri zation |redcf,or under |a nitfogen pt npsgherfe qontlai ni ng 1% by vol une
of air, to obtdgin|p8lyokyn pol yners 25 obtai ned

e
wer e eval uat ed the sarel EHNREro S| MR [e~d5<« | TRE results are shown
I n Tables 1 ang 31é’°JG‘PyFP£r‘§ aBy &P ned) &t il odheved fagerminal formate
[ ns

group - 27 - &Lont pnt| off 003 or{ nofe [i njtern of [DJerr]/Dlerr]. The

t Hyl ¢ne| copol rs.| Th

1,000 hr
98
98
99
98
99
98
98
98
99

100
99
99

Hot water resistance (—%!)J;

500 hr
100
100
100
100
100
100
100
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100
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2,000 hr
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94
94
92
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pol ymers were all

- [err]

30 -

after the 5 | apse of 2,000 hours being 60% or |ess. - 28 - [err]
[err] - 41 -
Table 2-2
M.p. MI Heat Tensile
(°C) | (g/10 min) | stability | strength
(min) (kg/cm?)
Example-29 == .2 95 715
Example-30 == 93 715
Example-31 == 9.2 95 715
Comp . 1 172.6 9.8 48 717
Example-1
Comp. 172.5 10.0 53 715
Example-2
Comp. == == == ==
Example-3
Comp. == == == ==
Example-4
Comp. 173.0 11.0 41 720
Example-5
Comp. 170.4 11.2 50 702
Example-~6 :
Comp. 172.2 10.8 44 715
‘ Example-7
Comp. 170.0 10.8 44 705
Example-8
| Comp. 172.2 10.8 35 715
Example-9 :
Comp. 170.5 10.8 40 705
Example-10
CQmP . . == == == ==
Example-11 :
Comp . . == == == ==
Example-12
Comp . == == == ==
Example-13
Comp. 172.0 38 715
Example-14
Comp . == == == =
Example-15
Comp. 172.5 52 712
Example-16

_ poorer both in resistance to heat aging and in resistance
to hot ~water than those of Exanples, the retentions of tensile strength

29



31 -

[err]

- 32 - [err] - 33 - [err] [err]
- 42 -
M.p. MI Heat Tensile
(°C) | (g/10 min) | stability | strength
(min) (kg/cm?)
Comp. 174.3 9.4 60 732
Example-17
Comp. 174.5 9.5 55 735
Example-18 :
Comp. 168.0 9.8 101 668
Example-~19
Comp. 165.0 9.5 101 647
Example-~20
Comp. 173.6 10.0 95 730
Example-21 | -
Comp. 173.6 10.0 104 730
Example-22
Comp. 171.0 9.8 100 715
| Example-23
Comp. 171.0 8.8 98 715
Example-24
Comp. 170.0 9.8 107 705
Example-25




strength (mn)

-38 - Table 2-1 Mp.
stability

[err]
(g/10 mn)

-37-

[err]

Tensile ([err] O

[err]

35 -

Heat

(kg/cnferr])
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Exampl e- 1 172. 2 10. 6 101 712 Exanpl e-2 172. 2
10.5 - 98 713 Exanpl e-3 172.5 9.2 90
715 Exanpl e-4 == 9.5 91 715 Exanpl e-5 172.8
8.8 86 715 Exanple-6 -=4 - 9.2 85
715 Exaimpl e-7 == 9.5 85 715 Exanple-8  173.8
8.8 867 1S2—fExampte=9 3% 96 8+
725 Exanpl e-10 17]..& 9. 2 94 709 Exanipl e-11 1y0.2
10.6 108 = & |702 [Exanple-1p 172.0 9.% 92
712 Exanple-13 [17[1.8| 2 3 9 9( 712 anple-14 11/1.8
9.2 o5| S| & 114 Exirrpl g 78 |4 |83 ST op
712 Exanpl e- 16 1R 3 sE:S 5%0 93 712 Exanpl e-17 172. 5
3.2 961 © 11 xanplle-18 172.5 1.4 99
715 Exanpl e-19 | 19pa =2 0 Q¢ 715| Exarnl e-p0 170. 1
9.3 96| & 702
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Exampl e-21 162.5 8.8 97 715 Exanple-22 173.8

9.0 - 94 733 Exanpl e- 23 == 9.5 91
715 Exanple-24 173.6 8.9 95 732 Exanple-25 172.5
9.2 i 100 . 715 Exanpl e-26 -146. 2 9.2 95
702 Exanpl e-27 == 9.2 91 715 Exanpl e-28 ==
9.2 9 75 erri —H#O0— err]
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- 41 - Table 2-2 Mp. M Heat Tensile ([err]C (g/10

mn) stability strength (mn) (kg/cnmferr]) Exanple-29 ==

9.2 95 715 Exanpl e- 30 == 9.2 93

715 Exanpl e- 31 == 9.2 9% - 715 Conp. 172.6
9.8 i 48 - 717 Exanpl e-1 Conp. 172.5 10.0

53 17151 EDUSPREAL APRPICARAENDTE- 3 Conp. Exanpl e-4 Conp.

173.0 11.0 41 720 Exanpl e-5 Conp. 170.4

11.2 50 Thé2cépahpherbof the present invention is

excellent in strength, rigidity, fatigue characteristic,
friction abrasion characteristic, heat stability, etc.

5 The copolymer can be put to various uses for which prior
polyoxymethylene homopolymers and copolymers have been
used, for example, mechanism elements such as cams,
gears, switches, handles, levers, reels, hubs and
bearings; miscellaneous goods such as fasteners, buttons

10 and clips; and further a large number of automotive,
electric and electronic parts. Further, the copolymer
can be used, by virtue of its excellent characteristics,
for parts of water treatment, kitchen or toilet goods,
such as pump impellers, pump casings, shower nozzles and

15 taps. The copolymer can also be formed into extruded
rods or sheets, or blow-molded. It can be incorporated
with known additives, for example, various antioxidants,
.heat stabilizers, pigments, nucleating agents,
antistatic agents, weatherproofing agents, etc., and

20 various reinforcing materials, such as carbon fiber,
glass fiber, glass beads, talc, mica, etc. Further, the
copolymer-can be made into polymer blends and polymer
alloys with such polymers as éolyurethane, PMMA, PE,

etc.



Conp. 172:2 10 8— 4 715 Exanpl g5 /s een R laced
1100 - 108 7lmmmmmmw Exoﬁp”"'e 8 C"”‘l’w sﬁ IIIiEﬁglﬁlﬂ TR

40 705, Exarrpl e- io -y - ==

== Exarrpl e-11 Conp. _

Exanpl e- 12 ConpCLAIMS == == . == == Exanple 13
Conp. 172.0 38 715 Exanpl e- 14 Conp.

== == 1. =—AEpahpbryiiétiphpne copolyheéx having a

52 712 Exanpl e-16

molecular weight of 10,000-200,000 comprising

oxymethylene units (-CH,0)- and oxyalkylene units

R
l

""["‘((':)mo']n—
Ry

wherein R and R, may be the same or different and are
each selected from hydrogen, an alkyl group or an aryl
group, n is 1 to 5, and m is 2 td.G, and wherein
(a) the proportion of oxyalkylene units to
oxymethylene units is 0.07-0.5% by mole, and
(b) the ratio of the absorbance of terminal
formate groups to methylene groups in the infrared
spectrophotometry of the polymer is not more than 0.025.
.2. The polyoxymethylene copolymer according to .
claim 1, wherein in the oxyalkylene units, the
proportion of oxyalkylene units of n=1 is not less than
95% by mole of the whole oxyalkylene units:
3. The polyoxyalkylene copolymer according to
claim 1 or 2, wherein the ratio of the absorbance of
- terminal formate groups to methylene groups in the
infrared spectrophotometry of the polymer is not more
than 0.020.
4. The polyoxymethylene copolymer according to

claim 1 or 2 the terminal groups are each selected from




- 42 - Mp “Heat Tensile ([err]C ‘:(g/ SBeenReplaced
R T TR ?Tlmliiillﬁ il

735 Exanpl e- 18 Cohp.© 8 - _
Exanpl &- 19 Conp. 165.0 9.5 101 : 647 Exanple 20
Conp. 1¥Be6group tOnBisting of @h alkoxy JA3MExanpiydraxyahloxy
173. 6 10.0 104 730 Exanpl e-22 Conp. 171.0
9.8 10group and ajformate group.

5. A composition of the polyoxymethylene

copolymer according to.claim 1 or 2 which comprises,
relative to 100 parts by weight of the polyoxymethylene
copolymer, 0.001-0.5% by weight of at least one ion
absorbent selected from

(a) 4ion adsorbents comprising as the main
components at least two oxides selected from alkali
metai oxides, alkaline earth metal oxides or oxides of
trivalent or tetravelent elements, or

(b) ion adsorbents represented by the formula

M1, M2, (OH)A™, ) mLO

wherein'Ml denotes at least one divalent metal selected
from alkaline earth metals, M2 denotes a trivalént
‘metal, A"™ denotes An n-valent anion, x is a number
satisfying 0~< x £ 0.5, and m is a positive number.

6. A process for producing a polyoxymethylene
copolymer which comprises copolymerizing a mixture of a
cyclic oligomer of formaldehyde or a cyclic acetal as
the principal monomer with a comonomer copolymerizable
therewith, in the presence of a perfluoroalkylsulfonic
acid or a perfluorocalkylsulfonic acid derivative as the
polymerization catalyst in an amount of 1x107%-2x10° % by
mole relative to the principal monomer, wherein the

content of water and formic acid in the monomer mixture



Exoarrpl &3 COT;O 0 e 107 ' ?85 Ex” Tﬁfﬁﬁﬁ ﬁ‘Tu
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- 49 -

are, respectively, not more than 40 ppm by weightf
7. A process for producing a polyoxymethjlene
copolymer composition which comprises copolymerizing a
mixture of a cyclic oligomer or cyclic acetal of
formaldehyde as the principal monomer with a comonomer
copolymerizable thérewith, in the presence of a
perfluoroalkylsulfonic acid or a perfluorosulfonic acid -
as the polymerization catalyst in an amount of
1x1075-2x10"5 3 by mole relative to the principal monomer,
wherein the content of water .and formic acid in the |
monomer mixture are, respectively, not more ﬁhan,40 pPpm
by weight and deactivating the polymerization catalyst
in the resulting polyoxymethylene copolymer, which
comprises adding and melt-blending at least one ion
adsorbent selected from

(a)' ion adsorbents comprising as the main
components at least two kinds of oxides selected from
-alkali metal oxides, alkaline earﬁh metal oxides, and -
oxides of trivalent and tetravalent elements, or

(b) ion adsorbents represented by the formula
M1, M2 (OH),A™ , -mH,0 ,

wherein M1l denotes at least one divalent metal selected
from alkaline earth metals, M2 denotes a trivalent
ﬁetal, A"™ denotes an n-valent anion, x satisfies

0 <x £0.5, and m is a positive number, in an amount of

0.001-0.5% by weight relative to the polymer to obtain



- 46 - 1 | NDUSTRFAL-APPLIGABIHLITY—The copol yner of the resHustSheemHsrBee rReplaged
excellent in stren ti gue characterlstlc fr|

characteristic, gﬂml”“m" I] H’i‘ The copol yner can be Ml:
uses for which prl or pe yloxyvrret *ene horm ymers and copolyrre

used, for exanple, nmechani sm el errents such as cans, gears, swi t ches,

handl es, |leverghd O XYHRSE AL e 8k d Se8hbaggeyYsngoods such as

f ast eners, buttonset?ol%and clips; and ?wﬁmg]f a Igrge nunber of autonotive,
el ectric and electronic parts. Further, the copolyner can be used, by
virtue of its excellent characteristics, for parts of water treatnent,
kitchen or toilet goods, such as punp inpellers, punp casings, shower
nozzles and 15 taps. The copolyner can also be formed into extruded rods
or sheets, or blownolded. It can be incorporated with known additives, for
exanpl e, various antioxidants,



~heat stabilizers, pignents, nucleating agents, antistatic agents,
weat herproofing agents, etc., and 20 various reinforcing materials, such
as carbon-fiber, glass fiber, glass beads, talc, mica, etc. Further, the

copolyﬁer can be made into polyner b nd polynmer alloys with such-
polyners as pol yur et hane, PNNA PE, HRCﬁ Substitute sheet - 21/10/96

-47- CLAIMS 1. A pol.y neth Iene copol nmer haV|n a nol ecul ar
wei ght of 10, 000- 200, 000 EQHQX l!ﬁTH %}%&Kd@nﬁ’&@@ &QRerr] O - and

oxyal kyl ene units [err] wherei n RPRO@ GOROLYMER he sane or different
and are each selected from hydrogen, an aIkyI group or an aryl group, nis
l1tob5 and mis 2 to 6, and wherein

A polyoxymethylene copolymer excellent in
stability and mechanical properties which is comprised
of oxymethylene units and oxyalkylene units and has a
molecular weight of 10,000 to 200,000. The proportion
of oxyalkylene units to oxymethylene units is 0.07 to
0.5% by mole and the ratio of the absorbance of terminal
formate groups to that of methylene gfoups determined by
infrared spectrophotometry is not more than 0.025. A

process for producing the copolymer is also disclosed.



(a) the ptoportion of oxyal kylene units to oxymethylene units is 0.07-0.5%
by nol &,- and (b) the ratio of the absorbance of termnal formate groups.to
nmet hyl ene groups in the infrared spectrophotonetry of the polyner is not
more than 0.025. 2. The pol yoxynet hyl ene coubstisuteigsheetsi 23/10/96
claim1, wherein in the oxyal kyl ene unit'ss the~proportion of oxyal kyl ene

units of n=1 is not |ess fhan @g@bb nol e of the whol e oxyal kyl ene units.
3. The RS MRFSI ER_ BPOI PR 8% cording to claim 1 or 2, wherein

the ratio of the absorbaqgfggété§i§$gg%zggi teﬂwgngghgﬁy§@tpyl@g@gglgng.

in the infrared spectroph g polyrer I's not rore than 0.02

The polyoxymet hyl & ifé’@&{l?’%’%‘icé‘cﬁlﬁ%?&@ai?sg nthied frhecHer poyher

‘groups are each selécted
produced causes depolymerization. The deactivation is

S generally conducted by contacting the polymer with an
| aqueous solution or an organic solvent containing a
basic substance such as triethylamine or by adding and
melt-blending a basic substance with the polymer to
neutralize and deactivate the catalyét. The present.
10 inventors have made extensive study on the methods of
deactivating the polymerization qataiyst and resultantly
found, as an utterly novel méthod,'a highly efféctive
method in thch deactivation is conducted by adding and
meit-blending with the copolymer a crystalline acidic
15. adsorbent comprising at least two kinds of metal oxides
or metal_hydro#ides. In more particulér, £0—100-parts
hyuéggéht—eé polyoxymethylene copolymér, there is
preferably added and melt-bleaded 0.001-0.5% by weight,
more preferably 0.005-0.1% by weight, of at least one
20 adsorbent selected from '
a) ion adsorbents comprising at least two kinds_
of oxides selected from alkali metal oxides, alkaline
earth metal oxides, aﬁd oxides of tr;valeﬁt and

tetravalent elements, or

25 b) ion adsorbents represented by the formula

M1, M2 (OH),A™ . - mH,0

RBPLACEMENT SHEET




the group cOnS|st|ng of _an ', a hydroxyal koxy group and a
"formate ‘group. 5. "“! uﬁkﬂﬂ Huﬁﬂﬂitof t he pol yoxynet hyl-ene copol yner
according to cIa|n11 «ses, relative to the pol yoxynet hyl ene
copol ymer, 0.001-0.5% by wei ght of at least one |q§E§Q§§ﬂ§ﬂﬂﬁ§§dﬁéﬂﬂéﬂé§.\
selected from(a) ion adsorbents conprlmﬂu}Zﬁrthe mei n component s at least "

two oxi des Sel?ﬁ ;ﬁ ¥r0n1alkall nmet al oxi des, alkaline earth netal oxides
or oxides of tri t or tetravel ent elenents; or (b) ion adsorbents

repr esent ed by t he fornuu?dégéé mhere ML denoies at .| east one dival ent
metal sel ect ed X'r om al Kal %“eNE°88 ¥PET Ba¥inGaent netal’;

and mis a pos %fife'*“ﬁiﬁa‘r%%fﬁmf 1 %@%”%ﬁ'@iéeé% RERa8 gl O

and mis a posit

pol yoxymet hyl eggyaRRMpIGHe Wi GUBH,0I2° SHRPYHBEFL e dudl gL ure of 2

—E—(?)',,,O-a..—
Ry

wherein R and R, may be the same or diffe:ent and are
each selected from hydrogen, an alkyl group or an aryl.
group, h is 1 to 5, and m is 2 to 6, and wherein

(2) the proportion of oxyalkylene units to
oxymethylene units is 0.07-0.5% by mole, and

(b) the ratié of the absorbance of terminal
formate groups to methylene groups in the infrared
spectrophotometry of the polymer is not more than 0.025.
2. The polyoxymethylene copolymer according to
claim 1, wherein in the oxyalkylene unlts, the
proportion of oxyalkylene units of n=1 is not less than
33% by mole of the-whole oxyalkylene units.

polyoxymethylene _
3. | The pelyoxyalkylene copolymer according to

claim 1 or 2, wherein the ratio of the absorbancé of
terminal formate groups to methylene groups in the -
infrared spectrophotometry of the polymer is not more
than 0.020. |

4. The polyo#ymethylene copolymer according to

claim 1 or 2 the terminal groups are each selected from

REPLACEMENT SHEET
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cyclic otigoner of_formaldehyde or a c acetal as the principal
In the presence of a

nmononmet ‘with a conon izable therewith, '
per f 1 uor oal kyl sul f-onﬂmH’Iﬁm ngmgiﬂl uor oal kyl sul fonic acid derivative as
at alg/stL | unt of 1x10[ eBubstitutg[sheet -0 HJ 0{86e

t he pol ynerization c
‘relative to the principal nmonomer, wheret#8he content of water and formc
pectively, not nore than 40 ppm -

acid in the e, | xture . :-49- are, res /
by wei ght. 6. émgf%%%cgggs*%?Lﬁqoﬂgc?ﬁgagkﬁﬁﬂy&§ﬂ“&4nﬂeﬂ%ﬁ%ﬁﬁ%ﬁ%ﬁ%*y |
conposition | q¥g§i e y lzing a mxture of a cyclic oligoner
or cyclic acgggﬁhg? orﬁ%l%%ﬁ§%§é5£§§%8‘principal nononer with a conononer
copol yneri zablge, therew tf), odgsd sepcey, Qf rfluoroal kyl sul fonic acid
or a perfluorosul fonic aci%x?é t eﬂ?)rglﬁﬁeﬁlga ?é%ﬁ?‘é&?g S an amount of

x10[ err] - 2x10[coypdl yihdly d@dcrdBididy ecifihne BE BCLALR" UM F ises,
relative to M4-pazteby-waeightof the polyoxymethylene .

copolymer, 0.001-0.5% by wei .
adsorbent ‘ Yy weight of at least one ion
absorbeat selected from

(2) ion adsorbents comprising as the main
components aﬁ least two oxides selected from alkali
metal oxides, alkaline earth metal oxidés or oxides of
trivalent or tetravelent elements, or

(b) ion adsorbepts_representéd by the formula
- M1, M2 (OH),A™ , -mH,O |,

whereinlnl denotes at least one divalent metal selected
from alkaline earth metals, M2 denotes a trivalént
metal, A™ denotes an n-valent anion, x is a number
#atisfying 0.< X £ 0.5, and m is a positive number;
cbpolymer which comprises copolymerizing a mixfure of a
cyclic oligomer of formaldehyde or a cyelic acetal as
t#e principal monomer with.a'co.c omer copolymerizable
therewith, in the presence-8f a perfluorocalkylsulfonic

acid or a perfluorgatkylsulfonic acid derivative as the

Polymerizatiom catalyst in an amount of 1x106-2x10-5 % by

mole ze ative to the principal monomer, wherein the
' REPLACEMENT SHEET
Date ZZOCTBQE |




wherein.the content of water and fnrdic acid in the nononer m xture aré,

respectively, . not wei ght and deactivating the .
pol ynmeri zati on cat gI['iJ!‘J @l ! lt| ng pol yoxynget hél ene coeﬂol ﬁﬁg :?_winf_l ch
conpri ses addi ng. an Ieaié one | rom

o]

ITB.In

(a) ion adsorbents conprising as the nponents at Ieast two ki nds of
oxi des selected from_ ) | nptal oxi des, and
oxi des of trivalen i adsOr bent s

represented the formyl r i val ent
rreltoal sel ect?é‘félom al E%I %Eée"gé%tﬁgf ?k?dmﬁ%%c]ce%\gp%el? ri va% tgrret al ,

Alerr] denot eg 2| 8ohpEeL fon XwRAERS tiotiprd sesk daidlymb®iz nis a
positive nunberﬁhpman am)%nt of % ‘601 0. 5% by wei ght rellgfélve :?gtglt he

pol ynmer to ohkdigtture of a cyclic oligomer or cyclic acetal of

formaldehyde as the principal monomer with a comonomer
copolymerizable therewith, in the presence of a
perfluorqalkylsuffonié acid or a perfluorosulfonic acid
as the polymerization catalyst in an amount of "
1x10-5-2x10*5 § by mole relative to the principal monomer,
wherein the content of water .and formic ‘acid in the
‘monomer mixture are, respectively, not more than 40 ppm
by weight ané deactiv;ting the polymerization catalyst
. in the resulting polyoxymethylene copolymer, which
comprises adding and melt-blending at least one ion
adsorbent selected from |
(2a) ion adsorbents comprising as the main
components at least two kinds of oxides éelected-fra@_;
‘alkali metal oxides, alkaline earth metal oxides, and -
oxides of trivalent and tetravalent elements, or
(b) ion adsorbents represented by the formula

M1, M2 (OH),A™  -mH,0 |,

x/n
wherein M1 denotes at least one divalent metal selected
from alkaline earth metals, M2 denotes a trivalent
metal, A"™ denotes an n-valent anion, x satisfies

0 <x £0.5, and m is a positive number,.in an amount of

0.001-0.5% by weight relative to the polyﬁer to obtain

| REPLACEMENT SHEET




-50- the pal yoxynet . ol ver cFrrposition. 7. The

pol yexynet hyl ene co IE ' j ji ﬂr’ﬂ]( oclaiml or 2, wherein the

proportion of oxyal Okymet hyl ene unj tst_its 0.1to 0.}%% @é _
| Substityje-sheet 1 A1/10/96

mol e. 8. The conposition according to claiS4bs 10/
proportion of oxyal kyl ene units to oxynet ene units in said

pol yoxynet hyl :?Qﬁ? r .8 0.1to 0.3%by nole. 9., . The '
conposi ti on agtglger In %ﬁ%yﬁ%}evﬁ@ ¥meLi GOMBASA846Mvent i s cont ai ned
in an anount of 0.005 to 0.1% by wei ght, based on the weight of said

%L?ZT% Wg?._hyl ene CO‘PﬁéWoxyﬁ%th%lene _coEBQnﬁEros&%?diﬁgqerdiéiﬁmtd} zl/oaib;n 7,
wel ght., BRRERIR thd ProgiSh of YeySRYRnBUNIF W B MeFIRE MM EE.1

to 0.3% by mole.

8. The composiﬁon acc'ordingia claim 5, wherein the proportion

21: oxyalkylene units to oxymethylene units in said polyoxymethylene copolymer -

is 0.1 to 0.3% by mole.

9. , The composition according to claim 5, wherein said ion adsorbent is

contained in an amount of 0.005 to 0.1% by weight, based on the weight of said

polyoxymethylene copolymer. -

10. The process according to claim 7, wherein said ion adsorbent is

added in an amount of 0.005 to 0.1% by weight, based on the weight of said

- polyoxymethylene copolymer.
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