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TNTLE POLYACETAL RESI N COVPCSI TI ON AND SLI DI NG PARTS 5
DETAI LED DESCRI PTI ON OF THE | NVENTI ON ' - The present

i nvention concerns a pol yacetal resin conpositjon wi th excel | ent
'slidability and abrasion resistance appropriately used for sliding
parts and plastic sliding parts. Mre specifically, it concerns a 10 -

pol yacetal resin conposition that makes it pgssible to propose sliding
parts wth excellent slidability and abrasi oHILE | st ance even when the
material of the partner sliding part is plastic or netal when used as

oLy ding parts, and ol iy Reck ol IR AR ASTRRR S BING PARTS oo
and heat resistance, especially abrasion resistance, and is used
for siiding pargs in a W depise el DERREPTION OF THE INVENTION' Nods O
addi ng inorganiC solid |ub | fi de and
graphite, liquid, or semsolid lubricants such as petrol eum
| ubricants, syntheti c | ubr m@%&ﬂlﬁ@ﬁdﬁc@{@mngogya@m Bésin Con%sition
thereof, and polyolefjn resin cyopowders wi.t h a nol écul ar wei ght “of - at
| east 500 000" ar o REhEXEAIat SSHAPRRY SndAbrasiom revBapRe ApBroRsTasHy used for
resistance of pol yatiling paftsiand plastic sliding parts. Mord-¥peeifivallysiteontérnkslae
par e ner 11 Pagpet e el ke i poro B @SR AR
are good properti espdrts withrexcellent slidiability andsabrasionatsistance even when the .
material of the partner sliding part is plastic or metal when used as
sliding parts, and sliding parts that employ this composition.
' - Polyacetal resin is a resin that has excellent mechanical
15 properties and heat resistance, especially abrasion resistance, and is used
for sliding parts in a wide range of fields. -

Methods of adding inorganic solid lubricants such as
molybdenum disulfide and graphite, liquid, or semisolid lubricants such
as petroleum lubricants, synthetic lubricants, aliphatic alcohols or esters

- 20 - thereof, and polyolefin resin micropowders with a molecular weight of at
least 500,000 are known in order to further improve the abrasion
resistance of polyacetal resin. : - '

However, even if the partner sliding part is made of plastic, the
abrasion resistance varies greatly depending on the type of plastic. Even

25 though there are good properties for partner sliding parts made of certain
types of plastics, the problem is that the abrasion resistance is poor to
partner sliding parts made from other plastics. The lubricant had to be
selected by taking into consideration the material of the partner sliding
parts with which contact was to be made.

30 Nonetheless, gears, rollers, cams, switches, etc., made from
‘many types of plastic materials, beginning with polyacetal, are used in
electrical and electronic equipment, especially office machinery such as
audio machines, copy machines, and printers. For example, gears are
designed so that the speed of rotation is regulated by the connection of

35 several gears. There are consequently cases in which gears made of
polyacetal are meshed with gears made of polyacetal or other plastics.
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type of pl astmhadé.r om which t'he partner _s;l iding parts are- made. ‘
Nonet hel ess, net al ._S.ﬁﬂrﬁeﬁlééfs,h@ar&ﬁﬁs'a?e mrfeariﬁrthg Mcﬁﬁn{@;:er of
. gears. Good slidability and abrasion resistance between polyacetal and
metal are therefore required simultaneously in‘addition to the good
15 slidability and abrasion resistance between polyacetal and other plastics.
Even though thereis a certain l_e_vel _og good slidability and abrasion
resistance when the partner sliding parts are made of metal when one
uses a polyacetal resin composition thh a density of no' more than 0.93
g/ cm3 that contains no more than 15% by weight of polyolefin resin with
20  a weight mean molecular weight of no more than 500,000, the problem
was that abrasion developed With'ldng term operaEiOn and noises such as
squeaking were produced by abrasmn when used under high load or
- high shdmg speed conditions. : S
The object of the present invention is to propose a polyacetal
25 resm composmon that has excellent slidability and abrasion resistance
and makes it possible to propose molded goods free of problems such as
- abrasion and noises such as squeakmg even when used under high load
or high sliding speed condmons when the partner shdmg part material is
any type of plastic or metal. :
30 The first embodiment of the present invention that attains this
goal is a polyacetal resin composition characterized by containing from
0.5 to 15 parts by welghtofoleﬁnmelastomerandfromO‘l to 5.0 paris by
weight of fatty acid ester havmg at least 12 carbon atoms per 100 parts by
. weight of polyacetal resin. -
35 - The second embodnnent of the Ppresent invention is a polyacetal
resin composition charactenzed by containing from 0.5 to 15 parts by




gears. Good slidability and abrasion’ resistance between pol yacetal and
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composition that contains from 0.5 to 15 parts by weight of olefinic
elastomer, from 0.1 to 5.0 parts by weight of fatty acid ester having at
- 15 least 12 carbon atoms, and from 0.05 to 5.0 parts by weight of
polytetrafluoroethylene micropowder per 100 parts by weight of
polyacetal resin. |
The polyacetal resin of the present invention includes
polyacetal copolymers with cyclic ethers and cyclic polymers in addition
- 20 to polyacetal homopolymers. However, since the physical properties
(tensile properties, Izod impact properties, bending properties, and -
- compression properties) are sometimes lowered by the addition of
lubricant, etc., in copolymers, it is preferable to use polyacetal
- homopolymers. ' _
25 The olefinic elastomers of the present invention are ethylene-
propylene copolymers (EPM) or ethylene-propylene-diene copolymers
(EPDM). Examples of the dienes of the third component include 1,4-
hexadiene, ethylidene norbornene, and dicyclopentadiene. The elastomer
viscosity is preferably low to improve the slidability and abrasion -
30 resistance to plastics and metals by dispersing the olefin elastomer in the
' form of microparticles in the polyacetal resin. The rubber Mooney
viscosity (JIS K-6300, 121°C) is preferably no more than 50.
_ The olefinic elastomer is contained in a quantity of from 0.5 to
15 parts by weight, preferably 1.5 to 5.0 parts by weight, per 100 parts by
35 Weight of polyacetal resin. The slidability and abrasion resistance with
| plastics cannot be improved by less than 0.5 part by weight. The




wei ght of olefinic elastoner, from0.1 to 5.0 parts by weight of fatty acid
ester ' | east 12 carbon atons, and fromO0.05 to y weight; -
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characterized by being sliding parts that slide against parts made
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The fatty acid esters are ‘contained in a quantity of from 0.1 to
5.0 parts by weight, preferably 0. 3 t0 2.0 parts by weight, per 100 parts by

20 = weight of polyacetal resin. The slidability and abrasion resistance with
metal cannot be improved when there is less than 0.1 part by weight.
More than 5.0 parts by welght causes a drop in the mechamcal properties
inherent to the polyacetal. - :

The polytetraﬂuoroethylene (PTFE) rmcropowder of the
25 present invention is commonly used PTFE, especially resin micropowder
developed as an additive to other plastics. It is a micropowder with a
particle diameter of no more than 50 um and a mean particle diameter of
from 2 to 30 pm. The melt v1scos1ty of the PTFE micropowder used in the
~ present invention preferably ranges from 107 to 108 poise ata '

30 measurement temperature of 380°C as opposed to the viscosity of
commonly used PTFE resin which ranges from 1010 to 1011 poxse ata
measurement temperature of 380°C. '

The content of PTFE rmcropowder is from 0.05 to 5.0 parts by
weight, preferably 0.1 t0 2.0 parts by weight, per 100 parts by weight of

35 polyacetal resin. The appearance of the surface of the molded goods
cannot be unpro_v_ed when there is less than 0.05 part by weight.
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 Together with having improved slidability and abrasion
resistance primarily with plastics by combining an olefinic elastomer, the
polyacetal resin composition of the present invention also makes it

20 possible to improve the slidability and abrasion resistance primarily with

metal by combining fatty acid esters. Combination of PTFE micropowder
also makes it pbssible to further improve the slidability and abrasion
resistance with plastics and metals together with markedly improving the
appearance of the surface of the molded goods.

The present invention is explained more concretely below
_through the following examples.

30 Examples 1 to 7 and Comparative Examples 1 to 6
' As shown in Table 1, various additives were added to

polyacetal resin and resin pellets were produced by melt kneading at a
resin temperature of 200-210°C using a biaxial extruder (Toshiba IS-
220EN), cooling with water, and cutting.

35 75 mm x 125 mm x 3.2 mm test pieces for the plate side were
produced from the various resin pellets using an injection molding
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devel oped as an additive to other plastics. It is a mcropowder with a

particle dianeter of no nore than 50 [err]mand a nean particle dianeter of

from2 to 30 machinm(Toshibad$-220ENSS)ta gorsluct bestsofthe frictiopander used in the
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PTFE m crgpowder IS ‘fkbom arts ferably
0.1 to 2.8 parts by a@éﬁmﬁ‘éé rﬂtegprface eaﬁét‘%cet al
resin. The amemmc@édb ¢he folicaein eﬂ-kodsrml ded goods - : - cannot be
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Probl ens ari skri¢tion endy’ g 3 gesice when there is nore than 5.0
parts by weight. Knovvn met hods can be used as the nethod
of produ0|ng t he resin, conp05|t|on of the present
i nventi od® Exanpl es d_“g:&c{gy%gzﬁig pedrisionand-ahrasionfester(made t he
conponent s beyeKbEhFHbsjﬁhm)basedon.HSK-HIS(typeA) ‘
Test Conditions
15 M Whenthe partner matenalwaspolyacetal

Load: 2kg weight, speed: 15 cm/sec;, travel distance: 1.62 km.
(I} When the pariner material was steel (S45C)
Load: 5 kg welght, speed. 50 cm/ sec, travel distance: 40.0 km.

20 Dynamic Friction Coefficient

The dyhamie friction coefficient was calculated by the
following formula by determining the mean value of the changes over
time in the recorded torque based on the recorded chart.

25
‘ Ml’_o@!la_l
Dynamic Fnctmn Coefficient = :
Mean value of torque generated cm
30 est load (kg) x Shape constant ( _4cm
Abrasion

The amount of abrasion was obtamed by measunng the total
35 weight of each test piece (cap and plate) before and after the test and
determining the dxfference



krieader . Various additives such as stabilizers, nucleus

agents, ant %g&iﬁs - agents, flane retardants, col or anpSTrusssm3202
| &bricants used I'n polyacetal resin may al so be added to the
pdl yacetal resin conposition of the present 10 invention.

The sliding parts of the present invention are those fornmed, for

exanpl e, by injection nolding, using the ponZcetaI resin conposition
descri bed above. Concrete exanples include sliding parts such as gears,
rollers, canms, and.switches used in electrical and el ectronic equipnent,

15 .especially office machinery such as audi o equi prent, copy machi nes, and
printers. Test of Surface oy th having inproved slidability and
abr asi on rESTS%anCE—pggﬁ%$§?§"Mnth plastics by conbining an
olefinic elastoner, the pol yacetal resin conposition of the :
present invention al so ”HkFﬁehéw uxe@ﬁnﬂ&@i&hh&&ﬁbﬁanmnﬁﬁuﬁohﬁﬁopb ability

and abrasion resistance prinarjl conbining tatty
acid esters. &&ﬂ%‘e ?S‘F%%Xtﬁ& mg?wmgs %an%/so mekes it
possible to further i mprove the sl dBkeellenyappearahceasi on

resi stance with plastics and net algs &Edfﬂ ag% dly inproving the
appearance of the surface of the rml%ﬁ)e%&t&o S gtﬁl: &
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concretely bel ow- - throughat hgﬂééﬁﬁg)ggéﬁ:hlpéaéﬁal es.
Examples 1 to 7 and Conparative

shown in Tabl el@, various additi 535% a@éf@r%tyandlustertﬁggﬁgsgpéﬁf‘srem n

and resin pellets were produced by rdeveldpment ofgsilvering resin

tenperature of 200-210[er r*ﬁgﬁﬁo‘éﬁ % ﬂ %é%o@étlﬁ‘ﬂﬁfe{rosm ba I S

220EN), cooling with water 75 mMmm x 125 mm
X 3.2 mmtest pieces for tﬁmtbmnere;mermsaandaddmvesme@m&wptacﬂﬁﬂltam

various resin pell ehgdthfife BRarPlesGhéfdhsTol16WaI
15 Polyacetal A: Polyacetal homopolymer with a melt mdex of
10.5 (190°C, load 1060 g) (made by DuPont, Tellurin [phonetic] 900 P).
Polyacetal B: Polyacetal homopolymer with a melt index of 6.3
(190°C, load 100 g) (made by DuPont, Tellurin 500 P).
Olefinic Elastomer: EPDM rubber with a Mooney viscosity of

20 25 (JIS K-6300, 121°C) (made by DuPont, Nordel® [phonetic] 2722).

Fatty Acid Ester A: Ethylene glycol distearate (made by Kao,
Emanone).

Fatty Acid Ester B: Glycenn monostearate (made by Riken
Bitamin, Rikemarl [phonetic] S100A).

25 PTFE Micropowder: Particle diameter no more than 50 pm,
mean particle diameter 2-30 pm, melt viscosity 107-108 poise
(measurement temperature 380°C) (made by Mitsui DuPont
Fluorochemical, Teflon® MP-1300). :
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abrasi on properties of the nolded goods. On the other hand, caps
stipulated by JIS K-7218 (type A) were nol ded using pol yacetal or steel
and taken as test pieces for the cap side in friction and abrasion testing.

5 Friction and abrasion tests and tgest of the surface
appear ance ] wer e conducted by the follow ng nethods.
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2% Numerical Formula-1l = E " Dynanmic Friction

Coeffi cient , B e I\/Ean -val ue of torqupcHeseiaied
(kg/ cm %%95’25769 L Test | oad (kg) x Shape constant (1.14
cm Abr asi on S ~ 7 The anount of abrasion was

obt ai ned by neasuring the tot aI 35 wei ght of each test piece (cap and
pl ate) before and after the test and - 9det er ni ni ng the difference.
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Test of Surface Appear anceASShOWIllnTablel thecompnsmwofmrac@@lmauwesrbr
friction and abrast&@aﬁ’éﬂﬂﬂéfs‘foodtoﬁa@@é&b&ﬁh&@ﬁnﬁqg% f‘sﬁ’oﬁi‘esﬁ&inceboth

foll ow ng standard ent appear ance
4: Slight cloudi ngwlmﬂvgaa@mermtemhsplasﬂc and metalmconh@stmqmpmjwe

caused by resin f | exampies Fﬁ% Astigalso evident from a companson of the 2
Silvering seen ? S¥elnsitioris b practical examples 1 to 4 and the ESHiSoMtionE of O M 1Y
and | uster toget heFORAAT P p P
practical examples 5 to 7, combination of PTFE micropowder further
improves the slidability against plastic and metal together with markedly
improving the surface appearance of the molded goods.
As has been explained above, the polyacetal resin composition
10  of the present invention makes it possible to propose molded goods free
of problems caused by abrasion and noises such as squeaking caused by
abrasion when used under high load and high sliding speed conditions
even when the material of the partner sliding parts is any type of plastic
or metal. The sliding parts of the present invention also are free of
15  problems such as abrasion and noises such as squeaking caused by
abrasion when used under high load and high sliding speed conditions
even when the material of the partner sliding parts is any type of plasth
or metal. - :
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t he pr &??‘ﬂ%ﬁ“and con

Pol yacet al A onopa] = F i ndex of 10.5
(190[rer] C, hRdnet(H9 BEh Replmete by DuPont TeI lurin [ phonetic] 900 P).

Pol yacet al B: pol ymer vm.tm.a melt index of 6.3

(190[err]C, Io ng by DuPont, Tellurin 500 P).

A efinic Elast : rubber with a I\/boney vi scosity of 20 25 (JIS
K- 6300, 121[err]C) (made by DuPont, Nenydamgsrr]. [ phonetic] 2722).

Fatty Acid Est t hy,l distearate
Eranone) . 1B eriea&%t%fwm%near@pngﬁaaﬁaéﬁmmmte

(made by Rik
PTFE M cropo
particle dia
(measur enent
Fl uor ochem c
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10

15

20

of silvering

efrom 0. 5 to 15 pairtsby weightfrolefinic piastoier AnSHUM)0.1 to 5.025

R b%ggﬁé bt f*‘f@%ﬂ esfy? LRI 3f e 22 o oo per 100 ™"

partp by weight ofpplyaceta) resimde by M t'sui” DuPont
8'2 Tef g TNEpbipdtetal resin co%o%%&?&f’@laun 1 wherein the
viscosity of the olefinic elastomer is no more than 50 by rubber Mooney
viscosity. '

. 3. A polyacetal resin 'compdsiﬁdri characterized by containing
from 0.5 to 15 parts by weight of olefinic elastomer, from 0.1 to 5.0 parts
by weight of fatty acid ester having at least 12 carbon atoms, and from
0.05 to 5.0 parts by weight of polytetraﬂuoroethylene nucropowder per
100 parts by weight of polyacetal resin. =~

4. A polyacetal resin composition of Claim 3 wherein the
viscosity of the oleﬁmc elastomer is no more than 50 by rubber Mooney
viscosity. -

5. Polyacetal slid_ing parts characterized by bemg sliding parts
that slide against parts made of plastics or metal and being made from
polyacetal resin that contains from 0.5 to 15 parts by weight of olefinic
elastomer and from 0.1 to 5.0 parts by weight of fatty acid ester having at
least 12 carbon atoms per 100 parts by weight of polyacetal resin.

6. Polyacetal resin sliding parts characterized by being sliding

parts that slide against parts made from plastics or metal and being made -

from a polyacetal resin composition that contains from 0.5 to 15 parts by
weight of olefinic elastomer, from 0.1 to 5.0 parts by weight of fatty acid
ester having at least 12 carbon atoms, and from 0.05 to 5.0 parts by weight
of polytetrafluoroethylene micropowder per 100 parts by weight of
polyacetal resin.

LT

bove results are shown in "~ -

ns and ?Gfllpgésyogfmused In

4
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As . shown in Table 1, the conpositions of practical exanples 1 to 4

are understood to-have-geed-slidability and abrasion'r
when the partner naterlaw !ﬂ plastic and metal in contr&ﬁPLAQhMENWéﬁﬁ%r

exanples 1 L‘mﬂmmtl“ evi dent from a conpari son |[pf the ﬁ AUG
conposi tion

anples 1 to -4%nd the co o@aﬁlans ) PO,
practical exanp es 5 to 7, conbination of PTFE m crop
| nproves t he slidability against plastic and netal together with markedly

I nprovi ng the surface appearance of thggggﬁggd goods. As
has been expl ai ned above, the pol yacet n conposition 10 of the

p;esen;linventiondngkesbit possible to propose nol ded goods free

of probl ems caused by, abr ggi €81 SPSe M LorSoS AP | MafaLESE PYd b

abrasion when “Seé’nt“a{‘ﬂ?{né“. o 036’ SN SubELNGPPe8ly ﬁ@”ﬂ?f' OlScinic
elastomer which is either an ethylene/propylene (EPM)
copolymer or an ethylene/propylene/diene (EPDM) copolymer

5 and from 0.1 to 5.0 parts by weight of fatty acid ester

having at least 12 carbon atoms per 100 parts by weight of
polyacetal resin.

¢

2. The polyacetal resin composition of Claim 1
wherein the viscosity of the olefinic elastomer is no more
10 than 50 by rubber Mooney viscosity.

3. A polyacetal resin composition of Claim 1
further characterized by containing from 0.1 to 5.0 parts
by weight of a fatty acid ester having at least 12 carbon
atoms, and from 0.05 to 5.0 parts by weight of

15 polytetrafluoroethylene micropowder per 100 parts by
weight of polyacetal resin.

4. A polyacetal resin composition of Claim 3
wherein the viscosity of the olefinic elastomer is no more
than 50 by rubber Mooney viscosity.

20 5. Polyacetal sliding parts characterized by being
made from a polyacetal resin that contains from 0.5 to 15
parts by weight of an olefinic elastomer which is either -
an ethylene/propylene (EPM) copolymer or an
ethylene/propylene/diene (EPDM) copolymer, and from 0.1 to

25 5.0 parts by weight of fatty acid ester having at least 12
carbon atoms per 100 parts by weight of polyacetal resin.

6. Polyacetal resin sliding parts of Claim 5
characterized in that the polyacetal resin composition
contains in addition 0.05 to 5.0 parts by weight of

30 polytetrafluoroethylene micropowder per 100 parts by
weight of polyacetal resin.
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10 t han 50 by rubber Mboney viscosity. ' 3. A polyaceta
resin conposition of Cam 1 further characterized by containing
from0.1 to 5.0 parts by weight of a fatty acid ester having at | east,
12 carbon atons, and from 0.05 to 5.0 parts by weight of 15
pol ytetrafl uoroethyl ene m cropowder per 100 parts by wei ght of

pol yacetal resin. = 4. 'A polyacetal resin conposition of
Caim 3 wherei-n the viscosity of the olefinic elastomer is no nore
than 50 by rubber Mooney viscosity. 20 - 5. Pol yacetal sliding
parts characterized by being ' made from a pol yacetal resin that
contains fromO0.5 to 15 ' parts by weight of an ol efinic el astoner
which is either - an et-hyl ene/ propyl ene (EPM) ~ copol yner or

an ¥ et'hyl ene/ propyl ene/ di ene (EPDM) copol ymer, and fromO0.1 to 25

5.0 parts by weight of fatty acid ester having at' | east 12 car bon
atons per 100 parts by weight .of pol yacetal resin. 6.

Pol yacetal resin sliding parts ~of Caim. 5 characterized in that
t he pol yacetal resin composition contains in addition 0.05 to 5.0
parts by weight of 30 pol ytetrafl uoroethyl ene m cropowder per 100
parts by wei ght of pol yacetal resin. . ' o
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