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Abstract

A polyoxymethylene multi-copolymer obtainable by

copolymerizing

(a) trioxane,

(b) at least one cyclic ether or formal compound
chosen from the group of ethylene oxide,
1,3~-dioxolane, 1,3-dioxepane, 1,3,5-trioxepane
and 1,3,6-trioxocane, and

(c) at least one compound chosen from the group of
glycidyl phenyl ether, styrene oxide and

' glycidyl naphthyl ether,
and characterized in that the number average molecular
weight of said polyoxymethylene multi-copolymer is from
10,000 to 100,000, that the melting point (Tm) and
crystallization temperature (Tc) there of are in a
relationship of

Tm - Tc < 15 (°C)

and that the size of the spherulites is 10 um or less, oOr
a resin composition comprised of this polyoxymethylene
multi-copolymer and a polyoxymethylene resin, 1s
distinguished in crystallinity, mechanical strength and
surface appearance and is particularly suited for faster

cycle molding.

.
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- Title of the Invention

Polyoxymethylene Multi-copolymer and_Its Resin

Composition.

Background of the Invention

This invention relates to a'polyoxymethylene
multi-copolymer distinguished in injecticn moldability or,
particularly;:faster cycle performance'and mechanical
property. .. :

‘ More specifically, this inventionfrelates to a
polyoxymethylene multi~ccpolymer used for injection
molding Which is distinguished in'faster speed of
solidification 1in the mold in injection molding to allow
molding with the molding time reduced and also'in the
mechanical property on account of the smaller size of
spherulites and consequently feduced molding strain.

" The invention also relates to a pclyoxymethylene'
resin composition distinguished in-surface appearance,
crystallinity, mechanical strength and molding efficiency.
. The polyoxymethylene resin'is knoWn as an engineering
plaStic well balanced'in mechanical stfength andimpact
resistance and 1s usedfin extensive fields as automcbile'
' parts.and electronic equipment parts.

However, the polyoxymethylene resin'has.a-very high
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crystallinity the spherulite structure growing as the result of

which produces cracking or internal tension to reduce the

mechanical strength of the resin.

Also, the polyvoxymethylene resin 1s worked up

generally by injection molding, and in this field of injection

molding, improvement of the productivity through reduction of
the molding cycle or the so-called faster cycle 1s urgently

called for.

For improvement of the mechanical strength of the

polyvoxymethylene resin, it is required to reduce the size of

spherulites and homogenize the spherulite structure. For the

faster cycle, the method of accelerating the speed of

gr—

~ion and thus the speed of solidification 1in the

V-

crystalliza

mold is effective. For implementation of the finer and more

homogeneous crystalline structure and improvement of the speed

of crystallization, there were proposed various methods of

adding nucleating agents comprised of an i1norganic compound, an
organic compound and a polymeric compound. For example,

Japanese Patent Publication Nos. SHO59-129247 (published in

1984) and SHO55-19942 (published in 1980) disclose a method of

using a branched or cross-linked polyoxymethylene resin as a

nucleating agent, and Japanese Patent Publication No. SHO48-
8254 (published in 1973) describes addition of an inorganic

compound represented by talc as a nucleating agent.

However, the resin compositionsg noted in the
foregoing Japanese Patent Publication Nos. SHO59-129247, SHO55 -
19942 and SH048-8254 do not have a crystallization speed
sufficiently improved, and so not only the satisfactorily
faster cycle is not expectable, but the improvement of the
mechanical strength through finer and more homogeneous

crystalline structure of the obtainable mold 1s insufficient.

Thus, they hardly satisfy the high mechanical strength required

2
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for application to electric and electronic equipment parts and

automobile parts.

Summary of the Invention

An object of the present invention is to provide a
5 polyoxymethylene multi-copolymer having improved injection
moldability or, more particularly, faster'cycle performance and

better mechanical property, and its mold produce.

Another object of the present invention is to provide

a polyoxymethylene resin composition and its mold product

10 having improved surface appearance, crystallinity, mechanical

strength and molding efficiency.

To achieve the foregoing objects, there is provided,
according to the present invention, a polyoxymethylene multi-

copolymer which is obtainable by copolymerizing:
15 (a) trioxane;

(b) at least one compound of cyclic ethers or

formals chosen from the group of ethylene oxide, 1,3-dioxolane,

1,3-dioxepane, 1,3,5-trioxepane and 1,3,6-trioxocane; and

(c) at least one compound chosen from the group
20 comprised of glycidyl phenyl ether, styrene oxide and glycidyl
naphthyl ether, and which is characterized in that the
polyoxymethylene multi-copolymer has a number average molecular

weight of 10,000 to 100,000, a melting temperature (Tm) and a

crystallization temperature (Tc) that satisfy the following

25 relationship:

T™m - Tc < 15 (°C)

and that the spherulites has a size of 10 um or less.
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Also, according to the present invention, there 1is
provided a polyoxymethylene resin composition comprising (A)
100 parts by weight of a polyoxymethylene resin and (B) 0.001
to 100 parts by weight of a polyoxymethylene multi-copolymer

5 which is obtainable by copolymerizing:

(a) trioxane;

(b) at least one compound of cyclic ethers or

formals chosen from the group comprised of ethylene oxide, 1,3-
dioxolane, 1,3-dioxepane, 1,3,5-trioxepane and 1,3,6-

10 trioxocane; and

(c) at least one compound chosen from the group
comprised of glycidyl phenyl ether, styrene oxide and glycidyl
naphthyl ether.

Further, according to the present invention, there 1is
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provided a mold product manufactured from the polyoxy-
methylene multi-copolymer.

Further, according to the present invention, there is
provided a mold product manufactured from the polyoxy-

methylene resin composition.

Description of the Preferred Embodiment

First, the oxymethylene multi-copolymer will be

described.

The method of manufacturing the oxymethylene

10 multi-~copolymer of the present invention is not

particulariy iimited. For example, it can be produced by
dissolving or suspending the component (a) 6r trioxane;
component (b) or at least one cyclic ether or formal
compound chosen from the group of ethylene oxide,
1,3-dioxolane, 1,3-dioxepane, 1,3,6~-trioxepane and
1,3,6-trioxocane; and component (c) or at least one
compound chosen from the group of glycidyl phenyl ether,
styrene oxide and glycidyl naphthyl ether, in an organic
solvent such as'cyclohexane, adding a Lewis'acid catalyst
20 for polymerization, then removing by decomposition the
unstable terminals. Preferably, a method using no solvent
at all but a self-cleaning type mixer for bulk
polymerization, deactivating the catalyst with a hindered

amine compound, then removing the unstable terminals by
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decomposition, is cited. As a Lewis acid catalyst, boron

trifluoride, a hydrate of boron trifluoride, or a
coordination compound of an organic compound having oxygen

or sulfur atoms with boron trifluoride, 1s preferably-

used. The Lewis acid catalyst is added'preferably in an

amount of 0.001 to 0.1 part by weight or more preferably'
in an amdunt.of 0.005 to 0.05 part bynweight to'100 parts
by weight of trioxane. Thereaction température forbulk
polymerization is preferably 60 to 120°C or more
preferably 60 to 90°C.  The hindered amine compound refers

to any ofthe‘compounds having a'hinderéd amine skeleton

in the mClecule such as bis(1,2,2,6,64pentamethyl-4—

piperidinyl) sebacate, bis(2,2,6;6~tetramethyl-4~

- piperidinyl) sebacaté, succlinyl dimethylwl-(Zw

hydroxyethyl-2,2,6,6-tetramethylpiperidine) polycondensa-

tion product, and 1-(2-(3-(3,5-di-t-butyl-4-

hydroxyphenyl)propionyloxy]ethyl]~4-[3~(3,5~di—t—buty1—

4~hydroxyphenyl)propionyloxy]~2,2,6,6~tetramethyl~
piperidine), and it is added preferably in an amount
eqﬁivalentlto'o.l to 20 nitrogen atoms in the hindered
amine compound per boron atom in the catalyst.»

The amount of copolymerization of the component (b)
or at léast,one cyclic-ether or formalicompdund chosen
from thé group of ethylene oxide, 1,3,?dioxolane,

l1,3-dioxepane, 1,3,5-trioxepané'and 1,3,6—tridxocane, in
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the polyoxymethylenemulti~copolymer.of the'present
invehtion, is preferably 0.01 to 20 parts by weight or,
mOre.preferably,.O.l'to 7 parts by weight to 100 parts by
weightof the component (a) or trioxane. When it 1s less
than 0;01 part by weight, the heatstability tends te
decrease,'and when it exceeds 20.partsby weight,lit is
difficult to obtain a polymer’distinguishedinmechanical
strength, and sOo such an amount is not preferable,. .

- The amount ofcopolymerization of the component (e)
or at least one compound chosen from the group of glycidyl
.phehyl ether, styrene oxide and glycidyl naphthyl ether,
in the'polyoxymethylene multi-CopolYmer of the present .
invention, is preferably 0.001 to 10 parts_by weighr'or;
more preferably, 0.01 to 5 parts by weight to 100 parts by
weight of the component (a) or trioxane; When 1t is less
than 0.001 part by weight, the effect of improvement for
faster cycle is not appreciable, and when it exceeds 10
- parts by weight; the impact strength decreasee, and SO l
.such an amount is not preferable.

The polyoxymethylene multi- c0polymer of the present
invention is preferably of a number average molecular
weight of 10,000 to 100,000 when it is 1ndependently used
for molding. This number average molecular weight is
obtainable by the MI‘valuedeterminedat 190°C and under a

load of 2190 g according to ASTM D1238 with a pellet dried
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in a 80°C hot oven used by the formula
Mn = 75000 - 16000 x 1n (MI)
Mn:. Number;average molecular weight
MI: MI value

When the polyoxymethylene multi~copolymer is
indépendently used for molding,'if the number average
molecular weight 1S gréater than 100,000, the flow at the
time of injection molding décreases.to preclude molding of
a thin wall product, If it is'less:thah 10,000, the
impact strength decreases, and so such is not suitable.

In ordér for the polyoxymethylene multi-copolymer of
the present inventioh to be distinguished by itself in the
faster cycléimoldability and mechanical property, 1t 1s
required that the melting point (Tm) and‘the
crystallization temperature (Tc) of the polyoxymethylene
multi-copolymer are in the relationshipfof

Tm - Tc < 15 (°C)
and that the spherulites are of a size of 10 um or less.
If Tm-Tc is 15°C or greater, the speed of solidification
in the mold is retarded, resulting 1in less effect of
réducing the molding time, and if the size of spherulites
exceeds 10 um, there remains a considerable molding strain
after injection molding, resulting in degradation of the
'mechanical property.

For determination of the melting point (Tm) and
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Crystallization temperature (Tc)'undergthe invention,
there was employed a method of heating the sample in
nitrogen atmosphere from 80°C to 220°C:at a rate of -
10°C/minute, maintaining at 220°C for 5 minutes; then

~ lowering the temperature at a rate of lO°C/minute to-
meaeure the crystallization temperature, and thereafter .
cooling to 110°C, then raising the temperature at a rate
of 10°C/minute to measure the melting point.

For determination of the size of spherulites, there
was employed a'method of holding 10 mg of‘the. '
polyoxymethylene multi-copolymer between cover glasses,
heating on a hot stage and melting'at 230°C for 1 minnte,'
then lOwering the temperature to:130°C'at a rate of
10°C/minute while observing through a polarizing
microscope, then photomicrographing the produoed crystals
to obtainthe.spherulite\size. ‘ . .

Next, the polyoxymethylene resin'composition
comprised of (A) polyoxymethylene resin and (B)
polyoxymethylene multi-COpolymer willlbe described.

_FirSt,,the'polyoxymethylene reSin.(A) will be
described. The pOlpoymethylene resin (A) used 1in the
polyoxymethYlene composition according to the present
invention means an oxymethylenehomopolymer or an
'oxymethyleneiCOpolymer comprising 85% by weight Or more of

~ an oxymethylene unit‘or units and 15% by‘weight or less of
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an oxymethylehe unit or units having 2 to 8 adjacent 
carbon atoms.

The oxymethylene homopolymer may‘be produced by,'fOr.:
eXample, introduoing substantially anhydrous formaldehyde
to an organic solvenf containing a basicpolymerization
cataljst such'as an organic amine and oarrying out the
polymeriéation, then acetylating the terminals with acetic
anhydfide..

The oxymethylene copolymer may.be'producedby,.for
example, disso1Ving or suspending substantially anhydrous'
’ trioxane and a'copolymeric componeht such as ethylene
oxide, 1,3-dioxolane, 1,3-dioxepane, 1,3,5-trioxepane or
1,3,6-trioxocane 1n an orgahioSolventsuch as cyclohexane
and carrying out the polymerization with.a Lewis catalyst
such as boron trifluoride~diethy1 etherate added, then
- decomposing and thus removing the unstable terminals.
Preferably, there may be employed a method of using no
solvent at all but introducing trioxane, a copolymeric
component and apre-catalyst to a self-cleaning type
mixer for buik polymerization; then deaotivating the
catalyst‘with a hindered amine and.removing-the unstable
terminals by decomposition.

The amount for copolymerization of the copolymeric
CQmponent_SUCh as ethylene oxide, 1,3~dioxolane,_1,3,5~

trioxepane or 1,3,6étriOXOcane of the-oxymethyiene
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copolymer of the present invention is 0.01 to 20 parts by

weight, preferably 0.1 to 7 parts by Weight;'fer 100 parts

'by weight of trioxane. When it is less than 0.01 part by

"weight, the polymer yield tends to decrease at thermal

stabilization, and when it is more than 20 parts by
weight, it 1is difficult to obtain a polymer which 1s
distinguished in'mechanical strength.

The amount of addition of the‘polymerization catalyst
1s preferably 0.001 to 0.1 part by weight, Or more
preferably 0.005 to 0.05 part by weight, for 100 parts by
weight of trioxane. ' - ‘

. The temperature for bulk polymerization is preferably
within the range of 60 to.120°C, more preferably'GO to
90°C. After polymeriéation;'it is preferable to .
deactivate'the catalySt with a hindered amine, then remove
the unstableterminals for decomposition. -

.Second, the pelyoxymethylene multiécopolymer (B)ewill
be described in thefollowing. - .

The polyoxymethylene multiﬁcopolymer (B) , when it is

used for the.polyoxymethylene resin compositioh of the

present invention, has not the number average molecular

weight, Tm, Tc and spherulite size of the copolymer
limited in any way, as it has when it is independently
used for molding.

In such case, the polyoxymethylene multi-copolymer

-~ 11 -
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(B) is added as a moldability improving agent or
nucleating agent of thé polyoxymethyieheresin(A) so that
it‘is not-always required to‘have a humber average
molecular welght, Tm,-Tc and spherulité sizeienoﬁgh to
form an excellent mold product.

HoWever, it is preferablé that thé polyoxymethylene
'multiwcopolymer (B) has, if'possible, the number average
molecular weight, Tm, Tc and spherulite size deséribed in
the foregoing, that'is, an average molecular'weight of:
10,000 to 100,000 aTm'and.Tc relationship of Tm—Tc <.

15 (°C) and a sphefulite size of 10 um 0r less even when
it is used as a moldability improving agent or nucleating
agent. -

The polyoxymethylene resin composition of the present
invention may be provided.by mixing'thé polYoxymethylene
Resin(A) and polyoxymethylene multi-Copolymer with éach
‘other in_the form of pellets, powder or grains,then
directly subjecting the mixture to melting, but a method
of melt mixing by méans of Banbury mixer, rollshor‘
extruder is also usable. The mixing temperaturé is'
preferably 150 to 250°C,.or more preferably 180 to 200°C.

In the polyoxymethylene resin composition of the
present invention, the content of the polyoxymethylene
multi-copolymeris 0.001 to 100 parts by weight for 100

'parts by weight of the polyoxymethylene resin. If it 1is

-----
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less than 0.001 part by weight, the multi-copolymer fails
to provide a satisfactory effect as a nucleating agent,
and so a sufficient mechanical strength as well as
crystallization speedois not obtainable.

The polyoxymethylene resin composition composed-as
stated in the foregoing according to the present invention

has a very distinguished'mechanioal'strength well balanced

"with the impact resistance. Such physical property is

provided as said polyoxymethylene multi-copolymer works_as-
a_nucleating'agent to develOp a fine and homogeneous
crYstalline structure, .

Actually, 1n the crystalline structureof the
-injection mold, thepolyoxymethylené resin using no

nucleating agent presents a structure of coarse

- spherulites of a size of 150 to 200 microns, but the

- polyoxymethylene resin'compositiOn of the present

invention presents a fine and homogeneous spherulite
structure of 60.microns'or less. Furthermore, both Izod
impact stréngthfond tenSile strength areimproved by 10%.
Also, £he crystallization temperature'is elevated by 2 to
8°C, and so the difference between the melting point and

the crystallization temperature is reduced to 25°C or less

- when the oxymethylene'homopolymer is used as the

'polyoxymethylene resin, or 18°C or_lesS when the
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oxymethylenecopOlymer is used as the polyoxymethylene
‘resin, so that it is enabled to reduoe,the molding ¢y¢1e
in injection molding. i .

Thus, aocording to the present invention, there is
provided a polyoxymethylene reSin oompositionhaving a
fine‘and homogeneous spherulite structure and a high"
strength in uniform quality, and further it.is one of the
advantages that the classification or purification, which
is required when-aninorganic compound 1is USed as a
nucleating agent, is no longer required.”

Also, in the polyoxymethylene multi-copolymer or
polyoxymethylene resin composition of the present
invention, there may be included, to such an extent that

wi

—

the object-of the inVention is not hindered,.a knc
additive or additives such asan'antioxidant of hindered
phenol,phosphite, thioether or amine type; a
weathering-proof agent of benzophenone; benzotriazole or
.hindered amine.type;'a formaldehyde scavenger such.as
melamine, dicyandiamide, a polyamide or apOlyvinYl
‘alcohol COpolymer; a release agent-suoh as a fluorine
containing polymer, a silicone oil or a polyethylene wax;
a colorant snch as a dye or a pigment;an.ultraviolet ray
screening agent such as titanium oxide:or carbon blaok; a
reinforclngagent such as fiber glass, carbon fiber or

potassium titanate fiber; a filler such as silica, clay
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caloium carbonate, caicium sulfate'or glass bead; a
‘nucleating agent such as talc;-e flamedretardant; a
plastiCizer; an auxiliary adhesive agent; and/or a
tackifier. Moreover, in order to further'improve the
_mechanical'strength of thepolyoxymethylene copolymer of'
thepresent-invention, any other thermoplastic polymer or

thermoplastio elastomer may be incorporated._'

'ExamgleS'
The invention will now be described in‘detail with
reference to the'following eXamples.' Ih the examples; the
"$" and “parts" are all based on weighf; The molding .
'cycle'and mechenical prOperty-were determined as described
below.

o Molding cycle: Using an injection molding machine
having an iﬁjection cepacity of 5_ounoes, square plates of
80(x 80 x 3 mm were molded with the oylindertemperature
set to 190°C; mold temperature to 60°C, injeotion time to
5 seconds end the cooling time changed, ahd-the cooling'
time at which the deformation due'to four ejector pins was
such that when three vertexes of the mold'were placed on a
plane, the deviation of the remaining one vertes from the
plane wouldbe 1 mm or less; was measured; ' .

‘ o Molding: Using'an injection molding_machine having'_

an injection capacity of 5 ounces, ASTM No.l dumbbell test
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specimens and Izod impact test specimens wefe molded, with
‘the cylinder temperature set to 190°C, mold temperature to
65°Cand.molding'cycleto 50 seconds, endin the test, the
.exterior of the ASTM No.l dumbbell test specimens was
visually inspected. - '

o Mechanical properties: Using the ASTM No.ldumbbell
._test specimens.ebtained by the foregeihg injection
molding, the tensile strength was determined aceording to
ASTM D638, and uSing'the Izod impact test speeimens, the
eimpact strength-was determined-accordihgto ASTM D256.

o MI value: 'Using pellets dried in an oven at 80°C for
3 hours, the.MI Qalue was determined according to ASTM
D1238 at a temperature of 190°C ahd uﬁdere load of
2160 g. . .‘ ‘

o Spherulite size:' The size was‘meésured by placing
10 mg of the polyoxymethylene resin cemposition'between
cover glasses, heating on a hot stage:to melt the sameat
230°C for 1 minute, then 1owering the temperature to'130°C_
at a rate ef'lobc/minute and observing the produced
crystalsthrough a po1arizing microscope and
photomicrographing the Same. ‘

0 Melting point (Tm) and crystalliiation temperature
(Tc): Using a differential scanningcalorimeter (DSC)'and
heating the composition from 80°C to 220°C at arate'of -

10°C/minute 1in nitrogen atmosphere,‘maintaining'the
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temperature at 220°C for 5 minutes, then lowering the
temperature at a rate of 10°C /minute, the crystallization
temperature was measured, Further, cooling to 110°C once,
then raising the temperature at a rate of 10°C/minute, the
melting point was measured.

Examples 1 through 10 and References 1 through 5

Continuous polymerization was made with trioxahe, a
compound of the component (b), a compound of the component
(c), boron trifluoride diethyl etherate in 100 ppm to

10 trioxane (2.5% benzene solution) and methylal or modifier,
fed to a 100 mmé, L/D=10 tWin screw continuous mixer "S54
KRC*Kneader" (product of Kurimoto, Ltd.). The
polymerization temperature was controlled te about 60°C by
feeding hot water te the jacket, and the speed of
‘revolution was set at 60 rpm. The compound of the
component (c) and methylal as a molecular weight regulator
were dissolved in trioxane. Also, a preliminary mixing
zone was provided so that the compound of the component
(b) and the catalyst solution were preliminary admixed

20 immediately before they were fed te the kneader. The
polymer was obtained in the form of a white fine powder.

To 10 kg of the powder thus obtained, a solution of
27 g of bis(1,2,2,6,6-pentamethyl-4-piperidinyl) sebacate
dissolved in 200 ml of benzene was added to deactivate the
catalyst, then 10'g of calcium stearate and 50 g of 1,6-

' *
Trade-mark
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hexanediol bis(3-(3,5-di-t~butyl-4~hydroxyphenyl) -
proprionate) (”Irganof“ 259 of Chiba-Geigy) were added,
and the.mixture was stirred in a HenshelimiXer for 10
minutes. Using a 35 mmd, L/D=30 twin screw extrusion
machine with a vent, the obtained mixturé was melted and
stabilized at a cylinder temperature of 230°C and a vent
vacuum of 5 Torr, then it was extruded into water, and

through cutting, there was obtained a polyoxymethylene

copolymer in the form of pellets. Check of the

10 composition of the obtained polyoxymethylene copolymer was

1

made by the 60 MHz "H NMR (in dz—hexafluoroiSOpropanol

solvent). For example, where glycidyl phenyl ether was
used as the compound of the component (c), there were
detected a multiplet signal particular to phenyl group at
66.9-7.6 (ppm) in addition to a signal of methylene group
at 64.3-5.2 (ppm), nd so the copolymer was confirmed to
be a glycidyl phenyl ether cépolymer. Further, by the
integration ratio, it was confirmed that the' components
were copolymerized according to the amounts of addition.
20 The copolymeric compositions and physical properties
of the polyoxymethylene multi-copolymers thus obtai;ed are
shown in Table 1. From Table 1, it is apparent that the

polyoxymethylene multi—copolymers according to the present
invention are distinguished in the injection moldability

and mechanical properties.

*
Trade-mark
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 'Examples-l1 through 28 and'References 6through 10

e Preparation of polyoxymethylene reain POM-1 .

_ To a'twin screw extruder type polymerlzatlon machlne
(25 mmo, L/D 10. 2) were 1ntroduced trioxane (450 g/h),-

1 3= dloxolane (14 g/h), 100 ppm of boron trlfluorlde-
dlethyl etherate (2.5% benzene solutlon) for trioxane and
500 ppm of ethylal and continuous polymerlaatlon wae
made. The polymerlzatlon temperature was controlled to
about 75°C by feedlng hot water to the jacket, and the
speed of revolutlon was set 100 rpm. Ethylal as a
molecular welght regulator was dlssolved in trloxane;
Also, in order that.1;3~dloxolane and the catalyst
solution would be preliminarily mixed with each other
immediately before they were fed.tothe kneader, a
preliminary mixingZOne was provided. The polymer was
obtained in'the form of a white fine'powder in an amount
of 445 g/h. '

. To'l kg of the flne powder thus obtalned a solution
of 2.7 g of bls(l 2,2, 6, 6~pentamethyl-4-p1per1d1nyl)
sebacate dlssolved 1n”20 ml of benzene was added, and the
'miXture was stirred in a Henshel mixer for 10 minutes;to
deactlvate the catalyst then 5'g of Chiba-Geigy's
"Irganox' 245 or trlethylene glycol bls(3~(3 t—butyl -5~
methyl 4 hydroxyphenyl)proplonate, l g of ca101um stearate

'and l g of melamlne were added The mlxture was heated

- 20 =~
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'with agitatiOn at 2l0°C for 10 minutes, and there was
obtainedPOMel.' . . .

o Preparation of polyoxymethylene,resih’POMé2
"Withpolymerization made similarly”to POM%l,the
polymer dlscharged from the kneader was 1ntroduced into a
3%.aqueous solution of-ammonla,and stlrred. Fllterlng the

polymer‘out'and washing 1t with water then Wlth acetone.
Thereafter,‘itwasintroducedinto a 10% aqueous solution
- of ammonia and'theh heated with agitation in an autoclave
- at 150°C for 3'hours; Aftet cooling to roomtemperature,
the polymerwasfiltered out, washed with water thenwith 
acetone and dried, and there was obtained POM-2.

o Preparation of'polyoxymethylene tesin POM~3'.

.h-Hexane.was charged to a'30 om diametety 3 m depth

polymerlzatlon vessel hav1ng stlrrlng vanes.and a
| formaldehyde supply nozzle prOV1ded on the bottom.
Dlssolv;ng 0.5 part by welght-of di-n-butyltin dlmaleate
| inlthis, formaldehyde gas was introduoed through the
supply nozzle. The formaldehyde gas was prOV1ded by heat'
-decomp051t10n of paraformaldehyde at 140 to 180°C and upon
purifloatlon, and 1t was introduced at a rate'of 1.5 kg/h.
The temperature in the polymerization vessel was adjuStedx
- to 50°C with cold or hot water fed to the jacket; In the
polymerizationyessel, there‘were‘gradually produced fine:

polymeric'particles, but'the,polymerISlurry‘was
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discharged, while the Catalytic-solution (n-hexane) was

fed, so that the polymeric solid component 1s maintained

at about 50% by weight. The w1thdrawn polymer was

'filtered out, washed thoroughly W1th water, then

1ntroduced 1n about 10 times volume of acetlc anhydride.
Then, adding sodium acetate in an amount of 0. 1% by welght
'of acetic anhydride, the mlxture was heated at 139 C for 5'
hours,'with agitation.j.When the reaction'mixture cooled
to room temperature, the polymer was.filtered out, washed
thoroughly with acetone and water, then dried,,andthere 
was obtained POM-3.

O Preparation of polyoxymethylene multi-copolymer (B)

Polymerization was made similarlydto POM-1 except
addition of another copolymeric unit or the'compoundof'
the component (c), and’there'was obtained the
polyoxymethylene multl COpolymer (B) .

O Preparation of'cross-linked POM

Except addition of l,4~butanediol-diglycidylether,
the polymerization was carried out similarly to POM-2, and
there was obtained a cross-linked POM.

For POMs 1 - 3, there was 1lncorporated said
polyoxymethylenemulti-copolymer (B) or.a cross~1inked
polyoxymethylene in the case of Reference 9, or talc 1n
the:case of Reference 10,'melting'and kneading Were‘made

at-220 to 240°C with a 45 mm¢, L/D=31.5 twin screw .




2022837 .

'extrudlng machlhe w1th a vent usedA The proportions of
blendlng of the copolymerlc unlt in the examples, that is,
:-the compound of the component (c) ., and.the characterlstlcs'
- of the samples obtalned _are shoWn in-Table 2, and the
' comp051t1onsof the polyomeethylene multl‘copolymers or
'cross~11nked POM added in place of the multl copolymerln
References, their proportlons'W1th talc, and the ‘
characterlstlcs of the samples obtalned are shoﬁn in
. Table 3 Upon comparlson of these Examples and.References
with each other, it will be seen that the polyoxymethylene
~resin comp081tlons hav1ng the polyoxymethylene
multi—copolymer incorporated have the spherulite'size
.greatly reduced and the crystalllzatlon temperature

'elevated by about 2 to 8°C and are distinguished in the

mechanlcal strength and surface appearance.,‘
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CLAIMS:

1. A polyoxymethylene multi-copolymer obtalned by

copolymerization of:
(a) trioxane;

(b) at least one cyclic ether or formal selected from the
group consisting of ethylene oxide, 1,3~-dioxolane, 1, 3-

dioxepane, 1,3,5-trioxepane and 1,3,6-trioxocane; and

(c) at least one compound selected from the group
consisting of glycidyl phenyl ether, styrene oxide and glycidyl
naphthyl ether;

wherein the polyoxymethylene multi-copolymer has a number
average molecular weight of from 10,000 to 100,000, a melting
point (Tm) and a crystallization temperature (Tc) that satistfy

the following relationship:

Tm - Tc < 15 (°C)

and a size of spherulites of 10 um or less.

2. The polyoxymethylene multi-copolymer set forth in
Claim 1, which contains the copolymerized cyclic ether or
formal compound (b) in an amount of 0.01 to 20 parts by weight

per 100 parts by weight of trioxane (a).

3. The polyoxymethylene multi-copolymer set forth in
Claim 1, which contains the copolymerized cyclic ether or
formal compound (b) in an amount of 0.1 to 7 parts by weilght

per 100 parts by weight of trioxane (a).

4 . The polyoxymethylene multi-copolymer set forth in any
one of Claims 1 to 3, which contains the copolymerized compound
(c) in an amount of 0.001 to 10 parts by weight per 100 parts

by weight of trioxane (a).
26
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5. The polyoxymethylene multi-copolymer set forth in any
one of Claims 1 to 3, which contains the copolymerized compound

(c) in an amount of 0.01 to 5 parts by weight per 100 parts by

welght of trioxane (a).
0. A polyoxymethylene resin composition comprising:

(A) 100 parts by weight of a polyoxymethylene polymer:;

and

(B) 0.001 to 100 parts by weight of a polyoxymethylene

multi-copolymer obtalned by copolymerizing:
(a) trioxane;

(b) at least one cyclic ether or formal compound selected

from the group consisting of ethylene oxide, 1, 3-dioxolane,

1, 3-dioxepane, 1,3,5-trioxepane and 1, 3,6-trioxocane; and

(c) at least one compound selected from the group
consisting of glycidyl phenyl ether, styrene oxide and glycidyl
naphthyl ether.

7. The resin composition set forth in Claim 6, wherein
the polyoxymethylene multi-copolymer has a number average

molecular weight of from 10,000 to 100,000.

8 . The resin composition set forth in Claim 6 or 7,

wherein the polyoxymethylene multi-copolymer has a melting

point (Tm) and a crystalllzation temperature (Tc) that satisfy

the following relationship:

Tm - Tc < 15 (°C).

9. The resin composition set forth in any one of Claims

6 to 8, wherein the polyoxymethylene multi-copolymer has a size

of spherulites of 10 um or less.

27
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10. The resin composition set forth in any one of Claims

6 to 9, wherein the polyoxymethylene polymer 1s an oxymethylene

homopolymer.

11. The resin composition set forth in any one of Claims
6 to 9, wherein the polyoxymethylene polymer 1s a copolymer
comprised of 85% by weight or more of oxymethylene units and
15% by weight or less of oxyalkylene units having 2 to 8

adjacent carbon atoms.

12. A molding product of a polyoxymethylene multi-

copolymer, wherein the polyoxymethylene multi-copolymer 1s

obtained by copolymerizing:
(a) trioxane;

(b) at least one cyclic ether or formal compound selected
from the group consisting of ethylene oxide, 1,3-dloxolane,

1,3-dioxepane, 1,3,5-trioxepane and 1,3, 6-trioxocane; and

(c) at least one compound selected from the group
consisting of glycidyl phenyl ether, styrene oxide and glycidyl
naphthyl ether;

the polyoxymethylene multi-copolymer has a number average
molecular weight of from 10,000 to 100,000, a melting point

(Tm) and a crystallization temperature (Tc) that satisfy the

following relationship:

Tm - Tc < 15 (°C)

and a size of spherulites of 10 um or less.

13. The molding product set forth in Claim 12, which 1s

produced by extrusion molding.

14 . The molding product set forth in Claim 12, which 1is

produced by injection molding.
28
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15. A molding product of a polyoxymethylene resin

composition comprising:

(A) 100 parts by weight of a polyoxymethylene polymer;

and

(a) trioxane;
(b) at least one cyclic ether or formail compound selected
from the group consisting of ethylene oxide,

1, 3-dioxolane,
10

1, 3~-dioxepane, 1,3,5-trioxepane and 1,3,6~-trioxocane: and
(C) at least one compound selected from the group

consisting of glycidyl phenyl ether, styrene oxide and
naphthyl ether.

glycidyl

16. The molding product set forth in Claim 15, which

15 produced by extrusion molding.

1S

17. The molding product set forth in Claim 15, which is

produced by injection molding.

18.
6 to 11,

The resin composition set forth in any one of claims

wherein the polyoxymethylene multi-copolymer contains
20 the copolymerized cyclic ether or formal compound (b) in an
amount of 0.01 to 20 parts by weight and the polymerized
compound (c) in an amount of 0.001 to 10 parts by weight,

per 100 parts by weight of trioxane (a) .

each

19.
25 6 to 11,

The resin composition set forth in any one of claims

wherein the polyoxymethylene multi-copolymer contains

the copolymerized cyclic ether or formal compound (b)

29
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(C) 1n an amount of 0.01 to 5 parts by weight,

parts by weight of trioxane (a) .

each per 100

20. A molding product of the polyoxymethylene multi-

copolymer as defined in any one of claims 2 to 5.

21. A molding product of the resin composition as defined

in any one of claims 7 to 11 or claims 18 or 109.

SMART & BIGGAR
OTTAWA, CANADA
PATENT AGENTS
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