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ABSTRACT

Polyacetal resin molding compositions and

sliding members formed thereof exhibit anti-friction

and abrasion-reslstance plopextles The polyacetal

resin molding compOQitlons include (A) 100 parta by

weight of a polyacetal base resin, (B) between 0.5 To

40 parts by weight of a branched or cross-linked

graft copolymer which 1s =& graft-reaction product of

(a) an olefin polymer, and (b) a vinyl or ether

polymer, (C) between 0.1 to 20 parts by weight of a

lubricant, and (D) between 0.5 to 30 parts by weight

of an inorganic powder having a mean particle

3iameter of 50um or less and a content of particles

having a particle diameter of 100um or less of at

least 95%.



polyacetal molding com

and wear-resistant properties,

nmambers (e.d., Weal parts) formed of the same.

BACKGROUND AND SUMMARY OF THE TNVENTION

atal resins &reS well Rnown engineering

resins due To their balanced mechanical properties.
In this ragard, pq;yacetal reging usually axhibit

desirable physical properties in terms of thelr
slve sharacteristics, alectrical

properties and chemical and
Ag a result, polyacetal ragins Aare

properties.,
= s material from which

peing used axtengively &
alectrical and electronic

The properties that
1 regins in guch

parts foXr sutomoblles,

davices and +he llke AaATre made.

are, however, required of polyaceta

and~uae applications &re contin

improvement due to the special anvironments of use.

ing characterisgtics of polyace

raping are examples of properties which sometimes

' this regard, the sliding
etal resin jnvolve not only
determined DY

naod improvement.

characteristics of polyac
its anti-friction characteristics (a8
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coefficiente of friction),and abrasion-resistance

but also anti-frictional noise (1.8,

A1l such properties Aare
ing are used as g81iding

properties,
squeaking) characteristics.

important when polyacetal res
g -- that 18, 8 component or part having 8
other

component OT part.
therafore, that all such chara
anti-frilction and anti-frictional nolse

characteristics, in addition to abragion resilstance
hen polyacetal regins are employed

ctaristics -- +hat 18,

—— are important w

ag Wear parts.

several technigues have been employed in the

past to 1mMProve the sliding characteristices of

ror example, it has baan

polyacetal rasins.
auch ap fluororesins OY

suggested that other resins,

polyoclefin resins,vbr iubricating oils, guch as

fatty acids, fatty acld agters, Bilicoue vlle v
mineral oils may be sdded to polyacetal base raging

to improve the sliding characteristics thereof.

for example, ipprovements 1in

Some ilmprovements,
are obtained

tional noilse ~haracterigtics,
by adding fluororesins Or polyolefin resing to 8
nolyacetal base resin., However, these regling
typically exhibit poor compatabifity wilth the

polyacetal base regin and therefore tend to
delaminate on the surface of molded articles formed

£rom such resin compositions. In sddition, the poor

tability of the reginsg in the compogltion may
n molding of &

anti~fric

part formed thereof.
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gimilarly, the addition of lubricating olls is
typlcally affactive to reduce coefficlents of
fyriction and lmprove abrasion resistance of molded

articles. However, +he addition of lubricating oils
ig usually inadegquate tO improvs the anti-frictional
nolse characteristics of the wear part. Saveral

added to polyacetal resins, such as extrusion
difficulties and "pleeding” of the lubricating oll
onto the surface of molded parts during use.

Thus, élthough some improvements have baan
achiaved by means of the prior art technigques
dascribed above, further improvements in Terms of
anti-friction, anti-frictional noise ahd |
sbrasion-resistance characteristics foXx sliding
members, while magnﬁaining and/or balancing the
otherwise desirable mechanical /physical propartlies
of polyacetal resins, nhave been needed.

polyacetal resin molding compositions and molded
parts therefrom that exhibit well balanced

anti-friction, anti-frictional noise and
abrasion-registance characteristics, moldabllity,

little (if any) delamination problems, aatisfactory
surface hardness and machinability. The |
compositions of the present invention are obtained
by blending a specific graft copolymer, =& lubricant
and an inorganic powder having specific particle
size limitations with a polyacetal base resin.
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More specifically, the present invention 1s embodied
in polyacetal resin molding compositions which include 100
parts by weight of a polyacetal base resin, between 0.5 to 40
5 parts by weight of a branched or cross-linked graft copolymer
which is the graft-reaction product of (a) an olefin polymer,
and (b) a vinyl or ether polymer, between 0.1 to 20 parts by
weight of a lubricant, and between 0.5 to 30 parts by weight of
an inorganic powder having a mean particle diameter of 50 um or

10 less, and wherein at least 95% of the particles have a particle

diameter of 100 um or less.

Further aspects and advantages of the present
invention will become more clear after careful consideration 1is
given to the detailed description of the preferred exemplary

15 embodiments thereof which follow.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

Reference will hereinafter be made to the

accompanying drawings wherein:

FIGURE 1A is an end view of a guide roller used to
20 evaluate the machinability of molded articles of the present

invention according to the Examples below; and

FIGURE 1B is a side elevational view of the guide

roller depicted in FIGURE 1A.
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SETAILED DESCRIPTION OF THE
EMBODIMENTS

ERRED EXEMPLARY

PREF

The polyacetal base resin which can be used in

the compositions of the present invention includes

both.polyacetal homopolymers and polyacatal

copolymers having a polymexr backbone mainly

comprised of repaating oxymathylene unite. In
addition, resins prepared bY modifying polyacetal by
crosa-linking or grafting by wall-Known tachniques

~ran be used as the bagse resins. The degree of
polyacetal basge reain 18 not

polymerization'for the
1dabllity

particularly l1imited provided that the mo
of the resin is not affected.

The graft copolymer component that may be used
in the compositions of the present invention

includes copolymenglformed by the
graft*polymarization of (a) an olefin polymer, and

(b) a vinyl and/or ether polymer 80 &S5 to form a

branched or crogs-linked structure.

pxamples of the olefin polymer includeé
homopolymers such as polyethylene, polypropylene and

polybutene and copolymers having such homopolymers
as the principal components. Examples of olaefin
copolymers onto which the vinyl and/ox ather polymer

may be grafted include ethylene/propyléense

copolymers, ethylens/l-butene copolymers and
copolymers comprising ethylene and a glycidyl ester
of an &,B-unsaturated acid (for example, glycidyl
acrylate, glycidyl mathacrylate and élycidyl

athacrylate). Among them, polyethylens and



cobolymere comprising ethyL

an «,Bf-unsaturated acid (especially,
1 methacrylate) &I€ most preferred.

The polymer grafted onto the olefin polymer

one polymer selected

backbone comprises at least
tioned below.

from the vinyl and ether polymers men
Examples of vinyl polymexrs include polymethyl
polyethyl acrylate, polybutyl
athylhexyl acrylate; polystyrensa,
acrylonitrile/styrane copolymers,
1 methacrylate copolymer and
Fxamples of

methacrylate,
acrylate, poly-2-

ether pol

polytrimethylene oxide and
preferred examples are polymethyl methacrylate,

acrylonitrile/etyrene copolymers, and polyethylene
A graft céﬁblymer preparxed DY grafting

1 methacrylate OX &N acrylonitrile/styrene
wlarly

oxide.

polymethy
copolymer oOnto polyethylene is partic

preferred.

composit
characterized by &an olefin polymer D&ac

vinyl polymer or ether polymer gréfted thereto.
Thug, the vinyl and ather polymers RIS not used
meparately of the slefin polymer, but ingtead sare
grafted onto the olefin backbone through at least

na site to form & branched or cross-linked

o
The effects achieved by the

polymexric structur
graft copolymer cannot

_“.'.“\
-

ane and glycidyl ester of -

be attained by merely adding
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aither, or both, of the copolYmer components €O the

polyacetal base resin.

The graft copolymex that may be employed in the

compositions of this invention can most aaglly be

prepared DY well-known radical reaction techniques.

ror example, the graft copolymar may be prepared by
adding a radical catalyst to monomers conmtituting
the polymer components and then performling grafting
by kneading the monomer components. Alternately, &
radical catalyst, such as & peroxide, may be added

to one of the polymers to form free radicals,
followed Dby melt-kneading the mixture with the other

componant polymer. The ratio of the olefin polymex

component to the vinyl and/or ether polymer
component grafted thereto &0 85 to form the graft
copolymer 1 preferably betvesn g%:5 to 5:95,
desirably betwaen‘ébzzo to 20:80, and more
desirably, betwaan. 60:40 TO 40 : 60.

The amount of the graft copolymer component 18
most preferably bestween 0.5 to 40 parts by welght,
and desirably between 1 to 30 parts by waight, per
100 parts by weight of the polyacetal base ragin.
when the amount of the graft copolymer component 18
excagsively small, +the sliding characteristics,
agpeclially anti-frictional noise characteristics,
cannot be attained. when the amount of the graft
copolymer component 1is axcessively large, however,

the mechanical properties (such as rigidity) are
dalateriously affected,
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The 1ubricant componant which can beé uged in

the compositlions of the present jnvaention includes

211 of the well known lubricante which are licquid at
or at least liquid at the resin's

Examples include mineral

room temperature,

extrusion temperature.
»ilp such as spindle oil, refrigerator oil, turbine

oil, machine oil, cylinder oil, gear oil and
paraffinic oll: hydrocarbons auch as liguid
parafflin, paraffin wax and polyethylene Wax; fatty
aclds such ag lauric acid, myristic acid, palmitic
acid, stearic acid, arachidic acid, behenlic acid and
montanic acid; alcohols such as hexyl alcohol, octyl
alcohol, cetyl alcohol, stearyl alcohol, beyhenyl
alcohol, glycols, glycerol, polyglycerol and
pentaerythritol; fatty acid esters such as those of
the above fatty acids with the aboe alcohols such as
staaryl stearate, pehanyl behenate, pentaerythritol
triagtearate, pentgérythritol +aetrastearate, glycerol
monostearate and glycerol monobehaenate; fatty YepNe!
amides such as stearamide, palmitiamide, oleamnide,
methylanebisstearamide and ethylenebisstearamide;
metallic soaps such as calecium staarate, 2Zinc

stearate and magneslumnm stearate; natural Waxes such

ag montan wax; and silicone olls.

At least one lubricant (preferably salacted
from the lubricants noted above) 1s ugaed., Becauss

of the ease of handling, processability,
anti~-frictional and abrasive-resistance
characteristics, mechanical properties, and the

1ike, paraffinic oils, fatty acids, fatty acld
egters and ={l1icone oils are mosat desirable. More

particularly, fatty acid estsrs having a total



NG
R, )
NG
i o

number of carbon atoms of at leasgt 20, and'siliccna

olls are gepecially preferred.

t of the lubricant component 1in the

The amoun
n 0.1 to 20

compositions of tnis invention is betwee
parts by weight per 100 parts by welght of the
polyacetal base resin., When this amount is less
than 0.1 part by waight, no {mprovemants in the
alidablility properties can ne attained. On the
other hand, when'thia amount is largsr than 20 PRITSB

t, the other dagirable prOpertias.of the

by welgh
Y impalred.

polyacetal base resin are usuall
preferably, the Lubricant 18 present 1n the

compogitions of the pr
ratween 0.5 to 10 parts bY welght.

The mddition of the graft copolymer and the
tubricant to the ﬁ&lyacetal bage resin significantly
the anti-frictional and abrasion-reslstance

cetal compositions.
1ded articles

improvaa
characteristics of nolya
However, the surface hardness of mo

decreases when grait copolymers

s additives for polyacetal resins.

rasult, the use of guch a combination has 1imited

applicability to specilal sliding members. In

addition, molded articles formed*éf gsuch &

composaltion tend to be AL fficult to machine.

it was 1iscovered that when a

copolymer and ralatively

d to polyacetal
delaminate under

Furthermore,
combination of the graft
large amount of lubricant is adade

hage reasin, molded articles tend to

certain molding conditions,
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The compositions of this invention are
especially characterized in that an inorganic powder
having specific particle diameters are added to the
sbove-described components. In this regard, 1t has

hean discovared that four necessary components of

the present invention -- namely a polyacetal base
rasin, & graft copolymer, a lubricant, and an
inorganic powder -- are blended to form a polyacetal

resin composition. A sliding member having
axcaellent sliding characteristics, moldabllity,
machinability and other physical propertiles can thus
be obtained when formed of the polyacetal
compositions of this invention. The inorganic
powder used for this purpose is one having a mean
particle diameter of 50um or lees, and wherein at

least 95% of the particles have & particle diameter
of 100um or less. In this regard, as the particle

diameter of the in;;ganic powder increases, the
powder forms irregularities on the surface of molded
sliding members thereby increasing the article's
"surface roughness, which can damage the mating

material against which the sliding member slides.

Although the type of inorganic powder used is
not particularly limited, speclfic.preferred
examples include calcium carbonate, magnesium
carbonate, talec, silica, clay, kaolin, diatomacsous
sayth, pearlite, bentonite, feldspar, carbon and

white carbon. It is particularly desirable to use

at least one member selected f£rom the group
consisting of calcium carbonate, talc, silica, clay,

mica and carbon.
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" The amount of inorganic powder is prefarably
batween 0.5 to 30 parts by welght per 100 parts by
welght of the polyacetal base resin. When the
amount of inorganic powder is less than 0.5 parts by
welght, little (if any) improvements in surface
hardness and machinability can be recognized. On
the othar hand, when it is present in amounts
greater than 30 parts by weight, the slidability
properties are usgually deleteriounly affected. In.
addition, excess inorganic powder in the polyacetal
compositions may roughen the surface of molded
articles to an undesirable extent as was briefly

mentioned abovs.

The compositions of the present invention are
aspecially characterized in that a polyacetal resin

having excsallent performanca characteristicas and

balanced propertias, including anti-frictional and

sbraglon-resistance characterlstics, moldabllity,
surface properties (hardness and delaminstion), and

"'machinability can be obtained by adding a

combination of a mpecified graft copolymer with a

lubricant and a specified inorganic powder to a

polyacetal base resin.

Although the addition of a "rigid” inorganic
mnaterial usually deleteriously affects sliding
characteristics of molded parts, such as
anti-friction and abrasion-resistance properties, it

has unexpectedly been found that particulate
{norganic powders having particle diameters as
specified previously (especially fine particulate
materials comprising calcium carbonate, talc,
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silica, clay, mica or carbon) do not deleteriously
affect the polyacetal compositions' sliding

characteristics.

The compositions of this invention thus exhibit

excellent sliding characteristice necessary for use
ae tape guides used in videotape recorders, for
example. In addition, molded parts formed of the
compositions of the present invention are easily
machined so that specified dimensions and/or

specified forma generally ragquired of sliding
members can be provided.

Other additives may be incorporated
into the compositions of the present invention a»

may be desired for specific end use applications.
Examples of such additives include coleorants, mold
release agents (othér than the above-menitioned
lubricants), nucleating agents, antistatic agents,
surfactants, and polymers (other than the

" above-mentioned graft copolymers). It ig also
possible to add at ljeast one inorganic, organic,
metallic or the like fibrous or flaky filler or
other particulate fillers in the compositions of the
present invention provided that the beneficial

characteristics are not deleteriously affected.

The compositions according to the preseant
invention can easily be prepared by known techniques
which have baeen generally used in preparing
~onventional resin compositions. For axample, the
ingredients may first be mixed and then kneaded and
axtruded in a uniaxial or biaxial extruder to
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prepare pellets. The pellets may then be molded to
form molded sliding members. Alternately, pellets

having different compositions may be prepared ag a
master batch with a specific amount of such pellets

being mixed with other components and then molded to

form aliding members.

In the preparation of the compopitions
according to the presant invention, 1t is most
desirable to improve the dispersability of the
additives whereby at least part of the polyacetal
base resin is ground into a powder which is then
mixed with the other components., The thus obtained
mixture may then be extruded to form nallets and/or

a final molded artic.e.

When a liquid lubricant is employed, the graft

copolymex component is preferably impregnated with
tha lubricant by premixing. The premixed componsnts
may then be kneaded with the polyacetal base resin

" and extruded. Such premixing is especially

dagirable in view of the case with which the

compositions of the present invention can be
prepared when liquid lubricant components are

employed.

The polyacetal resin compositions according to

the present invention exhibit axcellent sliding
characteristics (including anti-friction,
anti-frictional noise and abrasion-resistance
oroperties), in addition tTo significently improved
surface hardness and machinability properties.
Moreover, molded sliding members formed of the
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compositions of the present invention shovw
significantly reduced surface delamination and

overall more desirable properties for use as a
sl1iding member. The compositions of the present
invantion are easily extruded and molded and do not
undergo appreciable saparation, "hleeding", and the
like of the components onto the surface of the

resulting molded article.

Further aspects and advantages of the present
invention will become apparent from the following

non-limiting examples.

BXAMPLES

Tha data used in the following Examples were
obtained using the following technlques:

1. Surfasce appearance of a molding:

Test pieces for evaluation (50 mm x 50 mm X 1

mm, centerpin gate system) were molded under the
molding conditions identified in Table 1 to evaluate
the delamination state on their surfaces
(especially, near the gates) using the following
cualitative ranks:

Py pee——c e VA
(good) (poor)

nonefumu——-delamination--ésignificant
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Table A
Molding conditions A B
cylinder temperature (°C) 190 190
injection pressure (kg/cmz) 750 750
injection spsed(m/min) 1 3

2. Machinability:

A guide roller as shown in Figure 1 wase
prepared and aged at 140°C for 3 hours. An inside
s11ding part of the roller was machined with a fine

lathe turning machine. The appearance (burring and
fluffing) of the machine inslde surface was then

viewed under an electron microscope (x 2000) and
evaluated using the following ranks:

JRY SUNL U, RS—— -y |

(good) o (poor)
noner——— burring/fluffing —7significant

3. Vickers hardness:

The surface of the frictional face of a molding
(a cylindrical molding having an inside diameter of
20 mm and an outside diameter of 25.6 mm) for the
friction and abrasion test was measured with &
wicroVickers hardness meter (mfd. by Matsuzawa

Saikli). The larger numbers Iindicate a harder

molding.



DO NTA)
ULV T &

16

2., Coefficlient of frictiongnd specific

abragsion wear:

Thae coefficient of friction and the specific
abrasion wear were measured with a Suzuki friction
and abrasgion tester under a pressure of 0.9 kg/cmz,
a linear speed of 180 mm/sec, and a contact area of
2.0 cm2 by using an ordinary polyacetal resgin
(Duracon® M 90-02 polyacetal, a product of
Polyplastice Co., Ltd.) as the mating mambear.

The substances used as the component B and the

constituents thereof are as follow, and listed in
Tables 1 and 2 in terme of abbreviations:

(a) PE: peolyethylene

(a) E/GMA: ethylene/glycidyl
methacrylﬁ%e (85:15) copolymer

(b) PMMA: polymethyl methacrylate

() AN/S: acrylonitrile/styrene
copolymer

(R}) PE-g-PMMA: graft copolymer of
PE (50) with PMMA (350)

(B) PE-g-AN/S: graft copolymer of
PE (50) with AN/S (50)

(B} E/GMA-g-PMMA: graft copolymer
of E/GMA (70) with PMMA (30)

Examples 1 to 15 and Comparative Examples 1 to 13

A polyacetal resin Duracon® polyacetal, &
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prbduct of Polyplastics Co., Ltd. was mixed with a
graft copolymer as component (B), a lubricant as
component (C) and an inorganic powder as component
(D) in the proportions as specified in Table 1. The
mixture was melt-kneaded with a twin-screw extruder
to give a pelletized composition. A test plece was
prepared by injection molding the pellets and

evaluated. Table 1 give the results.

For comparison, compositions listed in Table 2,

prepared by omitting one or two components from
among the graft copolymer (B), lubricant (C) &and
inorganic powder (D), and a composition formed by
using an inorganic powder of & larger particle
diamater as component (D), were evaluated in the
same manney. The results of such comparisons 18

given in Table 2.

™ -
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While the invention has been described in
connection with what is presently considered to be
the most practical and preferred embodiment, it is
to be understood that the invention is not to be
limited to the disclosed embodiment, but on the
contrary, 1s intended to cover varilous modifications
and equivalent arrangements included within the
apirit and scope of the appended claimsi
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

- 23 -

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A polyacetal resin molding composition exhibiting
antl-friction and abrasion-resistance properties comprising:

(A) 100 parts by welght of a polyacetal base resin;

(B) between 0.5 to 40 parts by welght of a branched or
cross-linked graft copolymer which 1is a graft-reaction product
Oof (a) an olefin polymer, and (b) a vinyl or ether polymer;

(C) between 0.1 to 20 parts by weight of a lubricant; and

(D) between 0.5 to 30 parts by weight of an inorganic
powder having a mean particle diameter of 50um or less and
wherelin at least 95% of the particles have a particle diameter

of 100um or less.

2. A polyacetal resin composition as claimed in claim
1, whereln sald graft copolymer 1is the graft-reaction product
of (a) polyethylene and (b) polymethyl methacrylate or

acrylonitrile/styrene copolymer.

3. A polyacetal resin composition as claimed in claim 1
or 2, whereln the 1inorganic powder 1s at least one selected
from the group consisting of calcium carbonate, talc, silica,

clay, mica and carbon powders.

4, A polyacetal resin composition as claimed in claim
1, 2 or 3, wherein the mean particle diameter of the inorganic

powder 1s 10um or less.

73372-51
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5. A polyacetal resin composition as claimed in any one
of claims 1 to 4, wherein the lubricant 1s at least one
selected from the group consisting of paraffinic oils, fatty

acids and esters of fatty acids, and silicone oils.

6. A molded sliding member consisting essentially of
the anti-friction and wear-resigstant polvacetal resin

composlition according to claim 1.

7. A sliding member as claimed in claim 6, wherein said
graft copolymer 1s the gratt-reaction product of (a) poly-
ethylene and (b) polymethyl methacrylate or

acrylonitrile/styrene copolymer.

8. A sliding member as claimed in claim 6 or 7, wherein
the 1inorganic powder 1s at least one selected from the group
conslsting of calcium carbonate, talc, silica, clay, mica and

carbon powders.
9. A sliding member as claimed in claim 6, 7 or 8

wherein the mean particle diameter of the 1norganic powder 1is

10um or less.

73372-51
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10. A sliding member as claimed in any one of claims 6

-~ 25 -

to 9, whereiln the lubricant 1s at least one selected from the

group consisting of paraffinic oils, fatty acids and esters of

fatty acids, and silicone o0ills.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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