
EP 0 412 783 B1 Description This invention relates to a polyoxymethylene
multi-copolymer distinguished in injection moldability, particularly its
suitability for achieving a faster cycle performance and improved
mechanical properties. 5      More specifically, this invention relates to
a polyoxymethylene multi-copolymer used for injection molding which is
distinguished in having a faster speed of solidification in the mold in
injection molding to allow molding with the molding time reduced and also
in its mechanical properties on account of the smaller size of spherulites
present and consequently reduced molding strain. The invention also relates
to a polyoxymethylene resin composition distinguished in surface appear- 10
ance, crystallinity, mechanical strength and molding efficiency.
Polyoxymethylene resins are known as engineering plastics well balanced in
their mechanical strength and impact resistance and are used in a wide
range of fields such as for automobile parts and electronic equipment
parts. However, polyoxymethylene resins in general have a very high
crystallinity due to growth of the 15 spherulite structure which as a
result produces cracking or internal tension to reduce the mechanical
strength of moldings produced from the resin. Furthermore, the
polyoxymethylene resins are generally worked up 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 is urgently
called for. 20     For improvement of the mechanical strength of the
polyoxymethylene resin, it is required to reduce the size of spherulites
and homogenize the spherulite structure. For achieving a faster cycle, the
method of accelerating the speed of crystallization and thus the speed of
solidification in the mold is effective. For implementation of the finer
and more homogenous crystalline structure and improvement of the speed of
crystallization, there were proposed various methods of adding nucleating
agents selected from inorganic 25  compounds. For example, Japanese Patent
Publication Nos. SH059-129247 and SH055-19942 disclose a method of using a
branched or cross-linked polyoxymethylene resin as a nucleating agent, and
Patent Publication No. SH048-8254 describes addition of an inorganic
compound represented by talc as a nucleating agent. However, the resin
compositions disclosed in the foregoing Japanese Patent Publication Nos.
SH059- 30  129247, SH055-19942 and SHO48-8254 do not have a sufficiently
improved crystallization speed, so that a satisfactory improvement in cycle
speed would not be expected and the improvement in mechanical strength
through finer and more homogeneous crystalline structure of the obtainable
mold is insufficient. Thus, they hardly satisfy the high mechanical
strength required for application to electric and electronic equipment
parts and automobile parts. 35     US-A-3275604 discloses mouldable
polyoxymethylene multi-copolymers having a molecular weight of above about
500 and obtained by copolymerizing trioxane, a cyclic ether with adjacent
carbon atoms and a glycidyl ether. DE-B-1206588 generally describes
copolymers of trioxane with the cyclic ether ethylene oxide and/or styrene
oxide. 40     The present invention provides a polyoxymethylene
multi-copolymer particularly suitable for injection 



molding, allowing improved molding efficiency, in particular allowing a
faster cycle performance and enabling molded products having improved
mechanical properties to be obtained. In particular the molded product may
have the required crystallinity characteristics to provide the desired high
mechanical strength and may also have excellent surface appearance. 45
To achieve this, there is provided, according to one aspect of the present
invention, a polyox- ymethylene multi-copolymer which is obtainable by
copolymerizing: (a) 100 parts by weight of trioxane; (b) 0.01 to 20 parts
by weight of at least one cyclic ether or formal chosen from ethylene
oxide, 1,3- dioxolane, 1,3-dioxepane, 1,3,5-trioxopane and
1,3,6-trioxocane; and 50    (c) 0.01 to 5 parts by weight of at least one
compound chosen from the group comprised of glycidyl phenyl ether, styrene
oxide and glycidyl naphthyl ether, which polyoxymethylene multi-copolymer
has a number average molecular weight of 10,000 to 100,000, a melting
temperature (Tm) and crystallization temperature (Tc) which are govermed by
the relationship 55                                     Tm - Tc < 15 [err]
and spherulites which are of a size of 10[err] or less. 2    EP 0 412 783
B1 According to another aspect of the present invention, there is provided
a polyoxymethylene resin composition comprising (A) 100 parts by weight of
a polyoxymethylene polymer, which is an oxymethylene homopolymer or an
oxymethylene copolymer consisting of 85% or more by weight of oxymethylene
units and 15% or less 5    by weight of unsubstituted oxyalkylene units
having from 2 to 8 carbon atoms; (B) 0.001 to 100 parts by weight of a
polyoxymethylene multi-copolymer as defined above according to the first
aspect of the invention. Furthermore, according to the present invention,
there is also provided a molded product manufactured from the above
polyoxymethylene multi-copolymer, or from the above polyoxymethylene resin
composition 10 containing it. Preferred embodiments of the invention will
now be described. First, the oxymethylene multi-copolymer will be
described. The method of manufacturing the oxymethylene multi-copolymer of
the present invention is not particularly limited. For example, it can be
produced by dissolving or suspending each of the components 15 (a), (b) or
(c) in an organic solvent such as cyclohexane, in an organic solvent such
as cyclohexane, adding a Lewis acid catalyst for polymerisation, then
removing by decomposition the unstable terminals. Prefer- ably, 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 decomposition, is cited. As a Lewis
acid catalyst, boron trifluoride, a hydrate of boron trifluoride, or a
coordination compound 20 of an organic compound having oxygen or sulfur
atoms with boron trifluoride, is 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 amount of 0.005 to 0.05 part by weight to
100 parts by weight of trioxane. The reaction temperature for bulk
polymerization is preferably 60 to 120 [err] C or more preferably 60 to 90
C. The hindered amine compound refers to any of the compounds having a
hindered amine skeleton in the molecule such as bis(1,2,2,6,6- 25
pentamethyl-4-piperidinyl) sebacate, bis(2,2,6,6-tetramethyl-4-piperidinyl)
sebacate, succinyl dimethyl-1-(2-
hydroxyethyl-2,2,6,6-tetramethylpiperidine) polycondensation product, and
1-[2-[3-(3,5-di-t-butyl-4-hydrox-
yphenyl)propionyloxy]ethyl]-4-[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionylo
xy]-2,2,6,6-tetramethylpiperidine, and it is added preferably in an amount
equivalent to 0.1 to 20 nitrogen atoms in the hindered amine compound per
boron atom in the catalyst. 30     The amount of copolymerized component
(b), namely at least one cyclic ether or formal compound chosen from
ethylene oxide, 1.3-dioxolane, 1,3-dioxepane, 1.3,5-trioxepane and
1,3,6-trioxocane, in the polyoxymethylene multi-copolymer of the present
invention, is 0.01 to 20 parts by weight or, preferably, 0.1 to 7 parts by
weight to 100 parts by weight of the component (a), namely trioxane. When
it is less than 0.01 part by weight, the heat stability tends to decrease,
and when it exceeds 20 parts by weight, it is difficult to 35 obtain a
polymer distinguished in mechanical strength, and so such an amount is not
preferable. The amount of copolymerized component (c), namely at least one
compound chosen from glycidyl phenyl ether, styrene oxide and glycidyl
naphthyl ether, in the polyoxymethylene multi-copolymer of the present
invention, is 0.01 to 5 parts by weight to 100 parts by weight of the
component (a), namely trioxane. When it is within this range, the effects
of improvement for achieving a faster cycle and high impact 40 strength are
both achievable. The polyoxymethylene multi-copolymer of the present
invention has a number average molecular weight of 10,000 to 100,000 when
it is independently used for molding. This number average molecular weight
is obtainable by the Ml value determined at 190 [err]C and under a load of
2190 g according to ASTM D1 238 with a pellet dried in a 80 [err]C hot oven
using the formula 45 Mn = 75000 - 16000 x 1 n (Ml) Mn: Number average
molecular weight Ml: Ml value 50     When the polyoxymethylene
multi-copolymer is independently used for molding, if the number average
molecular weight is greater than 100,000, the impact strength decreases,
and so such is not suitable. In order for the polyoxymethylene
multi-copolymer of the present invention when present by itself to enable a
sufficiently faster cycle moldability and improved mechanical properties to
be achieved, it is required that the melting point (Tm) and the
crystallization temperature (Tc) of the polyoxymethylene multi- 55
copolymer be govemed by the relationship Tm-Tc< 15(err) 3    EP 0 412 783
B1 



and that the spherulites be of a size of 10[err] or less. If Tm-Tc is
15[err] C or greater, the speed of solidification in the mold is retarded,
resulting in less effect of reducing the molding time, and if the size of
spherulites exceeds 10[err], there remains a considerable molding strain
after injection molding, resulting in degradation of the mechanical
properties. 5     For determination of the melting point (Tm) and
crystallization temperature (Tc), the following method was employed, namely
heating the sample in a nitrogen atmosphere at a temperature increasing
from 80  C to 220[err]C at a rate of 10[err]C/minute, maintaining the
sample at 220C for 5 minutes, then lowering the temperature at a rate of 10
[err] C/minute to measure the crystallization temperature, and thereafter
cooling to 110 [err] C, then raising the temperature at a rate of 10 [err]
C/minute to measure the melting point. 10     For determination of the size
of the spherulites, the following method was employed, namely holding 10 mg
of the polyoxymethylene multi-copolymer between cover glasses, heating on a
hot stage and melting at 230[err]C for 1 minute, then lowering the
temperature to 130[err]C at a rate of 10[err]C/minute while observing
through a polarizing microscope, then photomicrographing the produced
crystals to obtain the spherulite size. 15     Next, a polyoxymethylene
resin composition in accordance with the invention comprising (A) polyox-
ymethylene resin and (B) a polyoxymethylene multi-copolymer will be
described. First, the polyoxymethylene resin (A) will be described. The
polyoxymethylene resin (A) used in the polyoxymethylene composition
according to the present invention is an oxymethylene homopolymer or an
oxymethylene copolymer comprising 85% by weight or more of an oxymethylene
unit or units and 15% by 20  weight or less of an oxymethylene unit or
units having 2 to 8 adjacent carbon atoms. The oxymethylene homopolymer may
be produced by, for example, introducing substantially anhy- drous
formaldehyde to an organic solvent containing a basic polymerization
catalyst such as an organic amine and carrying out the polymerization, then
acetylating the terminals with acetic anhydride. The oxymethylene copolymer
may be produced by, for example, dissolving or suspending substantially 25
anhydrous trioxane and a copolymeric component such as ethylene oxide,
1,3-dioxolane, 1,3-dioxepane, 1,3,5-trioxepane or 1,3,6-trioxocane in an
organic solvent such as cyclohexane and carrying out the polymerization
with a Lewis catalyst such as boron trifluoride-diethyl etherate added,
then decomposing and thus removing the unstable terminals. Preferably,
there may be employed a method using no solvent at all but introducing
trioxane, a copolymeric component and a pre-catalyst to a self-cleaning
type mixer for bulk 30  polymerization, then deactivating the catalyst with
a hindered amine and removing the unstable terminals by decomposition. The
amount for copolymerization of the copolymeric component such as ethylene
oxide, 1,3-dioxolane, 1,3,5-trioxepane or 1,3,6-trioxocane of the
oxymethylene copolymer of the present invention is preferably 0.01 to 20
parts by weight, more preferably 0.1 to 7 parts by weight, for 100 parts by
weight of trioxane. 35 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 weigght, it is difficult to obtain a polymer which is
distinguished in mechanical strength. The amount of addition of the
polymerization catalyst is preferably 0.001 to 0.1 part by weight, more
preferably 0.005 to 0.05 part by weight, for 100 parts by weight of
trioxane. 40     The temperature for bulk polymerization is preferably
within the range of 60 to 120[err]C, more preferably 



60 to 90 [err]C. After polymerization, it is preferable to deactivate the
catalyst with a hindered amine, then remove the unstable terminals for
decomposition. The polyoxymethylene multi-copolymer (B), when it is used
for a polyoxymethylene resin composition of the present invention
containing the above polymer (A), need not have its number average
molecular 45  weight, Tm, Tc or spherulite size of the copolymer limited in
any way, as it has when it is independently used for molding. In such a
case, the polyoxymethylene multi-copolymer (B) is added as a moldability
improving agent or nucleating agent of the polyoxymethylene resin (A) so
that it is not always required to have a number average molecular weight,
Tm, Tc and spherulite size enough to form an excellent molded product in
its so  own right. However, it is preferable that the polyoxymethylene
multi-copolymer (B) has, if possible, a number average molecular weight,
Tm, Tc and spherulite size as described above, that is, an average
molecular weight of 10,000 to 100,000 a Tm and Tc governed by the
relationship Tm-Tc < 15 ([err]) and a spherulite size of 10[err] or less
even when it is used as a moldability improving agent or nucleating agent.
55     A polyoxymethylene resin composition of the present invention may be
provided by mixing the polyoxymethylene Resin (A) and polyoxymethylene
multi-copolymer with each other in the form of pellets, powder or grains,
then directly subjecting the mixture to melting, but a method of melt
mixing by means of Banbury mixer, rolls or extruder can also be used. The
mixing temperature is preferably 150 to 250 C, 4    EP 0 412 783 B1 more
preferably 180 to 200 [err] C. In the polyoxymethylene resin composition of
the present invention, the content of the polyox- ymethylene
multi-copolymer is from 0.001 to 100 parts inclusive by weight for 100
parts by weight of the polyoxymethylene resin. If it is less than 0.001
part by weight, the multi-copolymer fails to provide a 5  satisfactory
effect as a nucleating agent, and so a sufficient mechanical strength as
well as crystallization speed is not obtainable. Polyoxymethylene resin
compositions embodying the present invention as described above have a very
distinguished mechanical strength, well balanced with the impact
resistance. Such physical properties are provided because the
polyoxymethylene multi-copolymer works as a nucleating agent to develop a
fine and 10 homogeneous crystalline structure. Actually, in the crystalline
structure of an injection molded product obtained from a conventional
polyoxymethylene resin using no nucleating agent, the 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 strength 15 and tensile strength are improved by 10%.
Also, the crstallization temperature is elevated by 2 to 8 C, and so the
difference between the melting point and the crystallization temperature is
reduced to 25[err]C or less when the oxymethylene homopolymer is used as
the polyoxymethylene resin, or 18[err]C or less when the 



oxymethylene copolymer is used as the polyoxymethylene resin, so that it
enables a reduction in the molding cycle in injection molding to be
achieved. 20     Thus, according to the present invention, there is
provided a polyoxymethylene resin composition having 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 an inorganic compound is used as a nucleating agent, is no
longer required. Also, in the polyoxymethylene multi-copolymer or
polyoxymethylene resin composition of the present 25 invention, there may
be included, to such as extent that the object of the invention is not
hindered, a known additive or additives such as an antioxidant such as a
hindered phenol, phosphite, thioether or amine type; a weathering-proof
agent such as a benzophenone, benzotriazole or hindered amine type; a
formaldehyde scavenger such as melamine, dicyandiamide, a polyamide or a
polyvinyl alcohol copolymer; a release agent such as a fluorine containing
polymer, a silicone oil or a polyethylene wax; a colorant such as a dye 30
or a pigment; an ultraviolet ray screening agent such as titanium oxide or
carbon black; a reinforcing agent such as fiber glass, carbon fiber or
potassium titanate fiber; a filler such as silica, clay, calcium carbonate,
calcium sulfate or glass bead; a nucleating agent such as talc; a flame
retardant; a plasticizer; an auxiliary adhesive agent; and/or a tackifier.
Moreoever, in order to further improve the mechanical strength of the
polyoxymethylene copolymer of the present invention, any other
thermoplastic polymer or thermoplastic 35 elastomer may be incoporated.
Examples The invention will now be described in more detail with reference
to the following Examples. In the 40 Examples, the "%" and "parts" are all
based on weight. The molding cycle and mechanical properties were
determined as described below. o Molding cycle: Using an injection molding
machine having an injection capacity of 5 ounces (14.2g), square plates of
80 x 80 x 3 mm were molded with the cylinder temperature set to 190[err]C,
mold temperature to 60 C, injection time to 5 seconds and the cooling time
changed, and the cooling time 45      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 vertex from the plane would be 1
mm or less, was measured. o Molding: Using an injection molding machine
having an injection capacity of 5 ounces (14.2g), ASTM No.1 dumbbell test
specimens and Izod impact test specimens were molded, with the cylinder 50
temperature set to 190 C, mold temperature to 65 C and molding cycle to 50
seconds, and in the test, the exterior of the ASTM No.1 dumbbell test
specimens was visually inspected. o Mechanical properties: Using the ASTM
No. 1 dumbbell test specimens obtained by the foregoing injection molding,
the tensile strength was detemined according to ASTM D638, and using the
Izod impact test specimens, the impact strength was determined according to
ASTM D256. 55    o MI value: Using pellets dried in an oven at 80[err] C
for 3 hours, the Ml value was determined according to ASTM D1238 at a
temperature of 190[err]C and under a load of 2160 g. o Spherulite size: The
size was measured by placing 10 mg of the polyoxymethylene resin
composition between cover glasses, heating on a hot stage to melt the same
at 230 [err] C for 1 minute, then lowering 5 



EP 0 412 783 B1 the temperature to 130 C at a rate of 10[err] C/minute and
observing the produced crystals through a polarizing microscope and
photomicrographing the same. o Melting point (Tm) and crystallization
temperature (Tc): Using a differential scanning calorimeter (DSC) and
heating the composition from 80[err]C to 220[err]C at a rate of
10[err]C/minute in nitrogen 5       atmosphere, maintaining the temperature
at 220 [err] C for 5 minutes, then lowering the temperature at a rate of
10[err]C/minute, the crystallization temperature was measured. Further,
cooling to 110C once, then raising the temperature at a rate of 10 [err]
C/minute, the melting point was measured. Examples 1 to 10 and Reference
Examples 1 to 5. 10 Continuous polymerization was carried out with
trioxane, a compound of the component (b), a compound of the component (c),
boron trifluoride diethyl etherate in 100 ppm to trioxane (2.5% benzene
solution) and methylal or modifier, fed to a 100mm[err], L/D=10 twin screw
continuous mixer "S4 KRC Kneader" (product of Kurimoto Ltd.). The
polymerization temperature was controlled to about 60[err]C by 15 feeding
hot water to 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 immediately before they were fed to the kneader. The
polymer was obtained in the form of a white fine powder. 20     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-hexanediol
bis(3-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate) ("Irganox" 259 of
Chiba-Geigy) were added, and the mixture was stirred in a Henshel mixer for
10 minutes. Using a 35 mm0, L/D=30 twin screw extrusion machine with a
vent, the obtained mixture was melted and stabilized at a 25 cylinder
temperature of 230 [err] C and a vent vacuum of 5 Torr, then it was
extruded into water, and by cutting, a polyoxymethylene copolymer was
obtained in the form of pellets. Confirmation of the composition of the
obtained polyoxymethylene copolymer was made by the 60 MHz [err] NMR (in
d2-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 [err] 6.9-7.6 (ppm) in
addition to a signal of 30 methylene group at [err] 4.3-5.2 (ppm), and so
the copolymer was confirmed to be a glycidyl phenyl ether copolymer.
Further, by the integration ratio, it was confirmed that the components
were copolymerized according to the amounts of addition. The copolymeric
compositions and physical properties of the polyoxymethylene
multi-copolymers thus obtained are shown in Table 1. From Table 1, it is
apparent that the polyoxymethylene multi-copolymers 35 according to the
present invention have distinguished injection moldability and mechanical
properties. 40 45 



50 55 6    EP 0 412 783 B1    EP 0 412 783 B1 trioxane (450 g/h),
1,3-dioxolane (14 g/h), 100 ppm of boron trifluoride diethyl etherate (2.5%
benzene solution) for trioxane and 500 ppm of ethylal, and continuous
polymerization was carried out. The polymerization temperature was
controlled to about 75 [err] C by feeding hot water to the jacket, and the
speed of revolution was set 100 rpm. Ethylal as a molecular weight
regulator was dissovled in 5       trioxane. Also, in order that
1,3-dioxolane and the catalyst solution would be preliminarily mixed with
each other immediately before they were fed to the kneader, a preliminary
mixing zone was provided. The polymer was obtained in the form of a white
fine powder in an amount of 445 g/h. To 1kg of the fine powder thus
obtained, a solution of 2.7 g of bis(1,2,2,6,6-pentamethyl-4- piperidinyl)
sebacate dissolved in 20 ml of benzene was added, and the mixture was
stirred in a 10      Henshel mixer for 10 minutes to deactivate the
catalyst, then 5 g of Ciba-Geigy's "Irganox" 245 or triethylene glycol
bis(3-(3-t-butyl-5-methyl-4-hydroxyphenyl)propionate, 1 g of calcium
stearate and 1 g of melamine were added. The mixture was heated with
agitation at 210[err]C for 10 minutes, and POM-1 was obtained. o
Preparation of polyoxymethylene resin POM-2 15         With polymerization
carried out similarly to POM-1, the polymer discharged from the kneader was
introduced into a 3% aqueous solution of ammonia and stirred. The polymer
was filtered off and washed with water, then with acetone. Thereafter, it
was introduced into a 10% aqueous solution of ammonia and then heated with
agitation in an autoclave at 150 [err] C for 3 hours. After cooling to room
temperature, the polymer was filtered out, washed with water then with
acetone and dried, and POM-2 20      was obtained. o Preparation of
polyoxymethylene resin POM-3 n-Hexane was charged to a 30 cm diameter, 3 m
depth polymerization vessel having stirring vanes and a formaldehyde supply
nozzle provided on the bottom. Dissolving 0.5 part by weight of di-
n-butyltin dimaleate in this, formaldehyde gas was introduced through the
supply nozzle. The 25      formaldehyde gas was provided by heat
decomposition of paraformaldehyde at 140 to 180[err]C and upon
purification, and it was introduced at a rate of 1.5 kg/h. The temperature
in the polymerization vessel was adjusted to 50 C with cold or hot water
fed to the jacket. In the polymerization vessel, there were gradually
produced fine polymeric particles, but the polymer slurry was discharged,
while the catalytic solution (n-hexane) was fed, so that the polymeric
solid component was maintained at 



30      about 50% by weight. The withdrawn polymer was filtered out, washed
thoroughly with water, then introduced in about 10 times its volume of
acetic anhydride. Then, adding sodium acetate in an amount of 0.1% by
weight of acetic anhydride, the mixture was heated at 139[err]C for 5
hours, with agitation. When the reaction mixture cooled to room
temperature, the polymer was filtered out, washed thoroughly with acetone
and water, then dried, and POM-3 was obtained. 35    o Preparation of
polyoxymethylene multi-copolymer (B) Polymerization was carried out
similarly to POM-1 except for the addition of another copolymeric unit,
namely a compound of component (c), and a polyoxymethylene multi-copolymer
(B) was obtained. o Preparation of cross-linked POM 40          Except that
1,4-butanediol diglycidyl ether was additionally included, the
polymerization was carried out similarly to POM-2, and a cross-linked POM
was obtained. All of the Reference Examples contained POM-1, but References
6 and 7 contained respectively no and too little multi-copolymer (B),
references 8-10 contained, in place of multi-copolymer (B), a copolymer
containing only components (a) and (b) (reference 8), a multi-copolymer in
which component (c) was 45  replaced by 1,4-butanediol diglycidyl ether, ie
cross-linked POM (reference 9) and talc (reference 10). Melting and
kneading were carried out at 220 to 240 [err]C with a 45mm[err]L/D = 31.5
twin screw extruding machine with a vent used. The nature and proportions
of amounts of component (c) of the multi-copolymer (B) blended into the
resin compositions of Examples 1-28, and the characteristics of the samples
obtained, are shown in Table 2. Likewise, the nature and proportional
amounts of the nucleating agent (where present) 50  blended into Reference
Examples 6-10, be it a polyoxymethylene copolymer, or cross-linked POM, or
talc (added in place of the multi-copolymer) and the characteristics of the
samples obtained, are shown in Table 3. Upon comparison of these Examples
and Reference Examples with each other, it will be seen that the
polyoxymethylene resin compositions having the polyoxymethylene
multi-copolymer incorporated have a spherulite size greatly reduced and the
crystallization temperature elevated by about 2 to 8[err] C and are 55
distinguished in their mechanical strength and surface appearance. 8    EP
0 412 783 B1    EP0412783B1    EP 0 412 783 B1  



EP 0 412 783 B1 (a) 100 parts by weight of trioxane, (b) 0.01 to 20 parts
by weight of at least one cyclic ether or formal compound chosen from
ethylene oxide, 1,3-dioxolane, 1,3-dioxepane, 1,3,5-trioxepane and
1,3,6-trioxocane, and (c) 0.01 to 5 parts by weight of at least one
compound chosen from glycidyl phenyl ether, styrene 5          oxide and
glycidyl naphthyl ether, (ii) the number average molecular weight of the
polyoxymethylene multi-copolymer is from 10,000 to 100,000, (iii) the
melting point (Tm) and crystallization temperature (Tc) of the
polyoxymethylene multi- copolymer are governed by the relationship 10
Tm-Tc<15( C); and (iv) the size of the spherulites is 10 [ERR] or less, the
size of the spherulites being measured by 15       placing 10mg of the
polyoxymethylene multi-copolymer between cover glasses, heating on a hot
stage to melt the said multi-copolymer at 230 C for 1 minute, then lowering
the temperature to 130 * C at a rate of 10 C/minute and then observing the
crystals thus produced through a polarizing microscope and
photomicrographing the crystals. 20  2. A polyoxymethylene multi-copolymer
according to claim 1, wherein the copolymeric amount of the cyclic ether or
formal component (b) is 0.1 to 7 parts by weight form 100 parts by weight
of the trioxane component (a). 3. A polyoxymethylene resin composition
comprising: 25       (A) 100 parts by weight of a polyoxymethylene polymer,
which is an oxymethylene homopolymer or an oxymethylene copolymer
consisting of 85% or more by weight of oxymethylene units and 15% or less
by weight of unsubstituted oxyalkylene units having from 2 to 8 carbon
atoms; and (B) 0.001 to 100 parts by weight of a polyoxymethylene
multi-copolymer according to claim 1 or claim 2. 30 4. A polyoxymethyl
resin composition according to claim 3, wherein the polyoxymethylene
polymer (A) is an oxymethylene homopolymer. 5. A polyoxymethylene
composition according to claim 3 or claim 4, wherein the polyoxymethylene
35     polymer (A) is a copolymer comprising 85% by weight or more of an
oxymethylene unit or units and 15% by weight or less of any oxyalkylene
unit or units having 2 to 8 adjacent carbon atoms. 6. A molded product of a
polyoxymethylene multi-copolymer according to claim 1 or 2. 40  7. A
moulded product according to claim 6, which is an extrusion molding. 8.  A
molded product according to claim 6, which is an injection molding. 9. A
molded product of a polyoxymethylene resin composition according to any one
of claims 3 to 5. 45 



10. A molded product according to claim 9, which is an extrusion molding.
11. A molded product according to claim 9, which is an injection molding.
so PatentansprUche 1. Polyoxymethylen-Multi-Copolymer mit Sphdrolithen,
dadurch gekennzeichnet, daB: (i) das Polyoxymethylen-Multi-Copolymer
erh~ltlich ist durch Copolymerisation von (a) 100 Gewichtsteilen Trioxan,
55         (b) 0,01 - 20 Gewichtsteilen zumindest einer zyklischen Ether-
oder Formal-Verbindung, ausge- wAhlt aus Ethylenoxid, 1,3-Dioxolan,
1,3-Dioxepan, 1,3,5-Trioxepan und 1,3,6-Trioxocan, und (c) 0,01 - 5
Gewichtsteilen zumindest einer Verbindung, ausgewahit aus
Glycidylphenylether, Styroloxid und Glycidyinaphthylether, 11          1
1||1||1 1111|11 11111111111    EP 0 412 783 B1 (1) das mittlere
Molekulargewicht des Polyoxymethylen-Multi-Copolymers von 10.000 bis
100.000 betragt, (iii) der Schmelzpunkt (Tm) und die
Kristallisationstemperatur (Tc) des Polyoxymethylen-Multi- Copolymers
folgendermaRen zusammenhangen: 5 Tm-Tc< 15(C); und (iv) die GroBe der
Sphlrolithen 10 um  oder weniger betragt, wobei die Gr6Be der Sphdirolithen
10       gemessen wird, indem 10 mg des
Polyoxymethylen-Multi-Copolymerszwischen Deckglfsem ange- ordnet werden,
auf hoher Stufe erhitzt werden, um das Multi-Copolymer be! 230- C 1 min
lang zu schmelzen, anschlieBend die Temperatur mit einer Rate von 10 I
C/min auf 130, C gesenkt wird und danach die so erzeugten Kristalle durch
ein Polarisationsmikroskop bsobachtet und fotografiert werden. 15 2.
Polyoxymethylen-Multi-Copolymer nach Anspruch 1, worin die Menge der
zyklischen Ether- oder K. 2        Formal-Komponente (b) im Copolymer 0.1 -
7 Gewichtsteile pro 100 Gewichtsteile der Trioxan- Komponente (a) betragt.
20  3. Polyoxymethylen-Harzzusammensetzung, umfassend: (A) 100
Gewichtsteile eines Polyoxymethylen-Polymers, das ein
Oxymethylen-Homopolymer oder ein Oxymethylen-Copolymer aus 85 Gew.-% oder
mehr Oxymethylen-Einheiten und 15 Gew.-% oder weniger unsubstituierten
Oxyalkylen-Einheiten mit 2 - 8 Kohlenstoffatomen !st; und (B) 0,001 - 100
Gewichtsteile eines Polyoxymethylen-Multi-Copolymers nach Anspruch 1 oder
2. 25 4. Polyoxymethylen-Harzzusammensetzung nach Anspruch 3, worin das
Polyoxymethylen-Polymer (A) ein Oxymethylen-Homopolymer ist. 



S. Polyoxymethylen-Harzzusammensetzung nach Anspruch 3 oder 4, worin das
Polyoxymethylen-Polymer 30     (A) ein Copolymer aus 85 Gew.-% oder mehr
einer oder mehrerer Oxymethylen-Einheiten und 15 Gsw.-% oder weniger einer
oder mehrerer, beliebiger, unsubstituierter Oxyalkylen-Einheiten mit 2 - 8
benachbarten Kohlenstoffatomen ist. 6. Geformtes Produkt aus einem
Polyoxymethylen-Multi-Copolymer nach Anspruch 1 oder 2. 35 7. Geformtes
Produkt nach Anspruch 6, das ein Extrusions-Formteil ist. & Geformtes
Produkt nach Anspruch 6, das ein Spritzgul3-Formteil ist. 40  9. Geformtes
Produkt aus einer Polyoxymethylen-Harzzusammensetzung nach irgendeinem der
Ansprd- che 3 - 5. 10. Geformtes Produkt nach Anspruch 9, das ein
Extrusions-Formteii ist. 45  11. Geformtes Produkt nach Anspruch 9, das ein
Spritzguf-Formteil ist. Revendlcattons 1. Multicopolymere de
polyoxym6thylbne ayant des sphdrulites, caract6rise en ce que 50       (i)
le multicopolymbre de polyoxymethbne psut Otre obtenu en copolymerisant (a)
100 parties en poids de trioxane, (b) 0,01 a 20 parties en poids d'au moins
un ether cyclique ou compose de formal choisi parmi l'oxyde d'4thylbne, le
1,3-dioxolane, le 1,3-dioxapane, le 1,3,5-trioxdpane, et le 1, 3, 6 -
trioxocane (c) 0,01 a 5 parties en poids d'au moins un compose choisi parmi
le glycidyl phenyl 4ther, 55         l'oxyds de styrene et le glycidyl
naphtyl ether, (ii) le poids mol~culaire moyen en nombre du multicopolymbre
de polyoxym~thylbne est de 10 000 a 100 000, 12             II~III1 j
11111] HE liii 111111    EP 0 412 783 Bi (iii) le point de fusion (Tm) ot
la temperature de cristallisation (Tc) du multicopolymere de
polyoxymethylbne sont gouvernds par la relation Tm-Tc< 15(C); 5 et iv) la
grandeur des sph6rulites ost de 10 um ou moins, la grandeur des spherulites
etant mesuree on plagant 10 mg du multicopolymbre de polyoxyme- thylene
entre des verres de recouvrement, en chauffant sur une plaque chaude pour
faire fondre 10       ledit multicopolymere & 230 C pendant 1 minutes, puis
en abaissant la temperature a 130*C a raison de 10-C/minute, puis on
observant les cristaux ainsi produits & travers un microscope polarisant et
en photomicrographiant les cristaux. 2. Multicopolymbre de polyoxymethylbne
solon la revendication 1, oO la quantit6 copolymere de I'ether 15
cyclique ou du composant de formal (b) est de 0,1 a 7 parties en poids pour
100 parties on poids du 



composant de trioxane (a). 3. Composition de r6sine de polyoxymethylene,
compronant: (A) 100 parties en poids d'un copolymere de polyoxym6thylene,
qui est un homopolymbre d'oxym6- 20       thylbne Ou un copolymbre
d'oxymethylene consistant en 85% en poids ou plus d'unites d'oxymethy- lene
et 15% en poids ou mains d'unites d'oxyalkylbne non substitu4, ayant 2 a 8
atomes de carbone; et (B) 0,001 a 100 parties en poids d'un multicopolymbre
de polyoxymethylne selon la revendication 1 ou la revendication 2. 25 4.
Composition de resine de polyoxymethylene salon la revendication 3, oO le
polymbre de polyoxyme- thylbne (A) est un homopolymbre d'oxymethylbne. 5.
Composition de polyoxymethylbne solon la revendication 3 ou la
revendication 4, ob le polymbre de 30     polyoxymdthylbne (A) est un
copolymere comprenant 85% en poids ou plus d'une unitd ou d'unites
d'oxym~thylbne et 15% en poids ou mains d'une unite ou d'unites
d'oxyalkylene ayant 2 a 8 atomes de carbone adjacents. 6. Produit moule
d'un multicopolymere de polyoxymethylene solon la revendication 1 ou 2. 35
7. Produit moule solon la revendication 6, qui est un moulage par
extrusion. &  Produit mould solon la revendication 6, qui est moulage par
injection. 40  9. Produit mould d'une composition de rdsine de
polyoxymdthylbne solon l'une quelconque des revendi- cations 3 a 5. 10.
Produit mould solon la revendication 9, qui est un moulage par extrusion.
45 11. Produit mould solon la revendication 9, qui est un moulage par
injection. 50 55 13 *  C  L  M  S  *    


