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DESCRI PTI ON POLYOXYMETHYLENE - RESI N COVPGSI Tl ONS . 42/11
Technical Field The present invention relates to novel

~pol yoxynet hyl ene resin conpositions havingl excel | ent sliding
characteristic at high tenperature. More 5 particularly, the present

I nvention relates to pol yoxynet hyl ene resin conpositions having

excel | ent sliding characteristics especially at high tenperature

and being preferably used as nateriaI%Eﬁé%¥EF¥ f or sliding portions in
vari ous precision nmachines, 10 equipnents for office automation and

aut onobi | es. Background Art Hi t herto, conventiona

pol yoxynet hyl ene resins h o , del ' ring plastics
for mat eri al s of part%oﬁ'%gg@%ﬁ@'#ﬁ%g%#&mqw@ﬁ 15 equi prent s
for office automation, for the reasons that t he pol yoxynet hyl ene

resi ns possess wel | - bal anced nmechani cal properties as well as

excel | ent wear 1 688! $@Rly characteristics. However, only
. ni . L. ’
on the basis OFeFREIFSna?IVE 20 wear resistance characteristics,

conventi onal pol yoxiphet BrkaBatr €avBaLtE8A Paldty¥sbeosabdens suitable

polyoxymethylene resin compositions having excellent
sliding characteristic at high temperature. More
5 particularly, the present invention relates to
polyoxymethylene resin compositions having excellent
sliding characteristics especially at high temperature
and being preferably used as materials of parts for
sliding portions in various precisioh machines,
10 equipments for office automation and automobiles.
Background Art |
Hitherto, conventional polyoxymethylene resins
have been used widely as engineering plastics for
materials of parts in various mechanism portions and
15 equipments for office automation, for the reasons that
the polyoxymethylene resins possess well-balanced
mechanical properties as well as excellent wear
resistant characteristics.
However, only on the basis of their native
20 wear resistance characteristics, conventional
polyoxymethylene resins can hardly be said as suitable
plastics to be used as materials of parts for sliding

portions which should have physical properties good



plastics to be used as materials of parts for sliding portions which
‘shoul*d have physical properties good

2- _ enough to satisfy the requirenents. Particularly, in use of
conventional pol yoxynet hyl ene resins at -higir tenperature, the friction
coefficient and wear resi stance thereof are increased, thus the sliding

5 charact eri st¢neugh tpesabisfy beeoneawbrements. Particularlpherigfore, at
present, for the purpose to rove the s]iding characterjstics at

hi gh t enper at 43¢ ©of °°E%%EH?%AP@%T]§M?W T AL 3;;@ t sed

f | b ti .10.1 L di ti . 10
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Under §hecﬁ£f88%£f€ﬁ§¢s 6Pe£r?ehf‘é’§iﬁ?§%‘?:c’%g§%%%épem ed the 15

devel opnent of "~ pol yoxyne ene resin conposl can be used

wi thout need of coating ft&Asfore, at present, f£o¥ 'Y lpurgnevgy. there
have not been known any specific tec noﬁogy for 1mproving the sliding

S bt o by PO Oonk D Eachy ataétert S0cO ol Mgy (shapiasiens
characteristi céopbentional polyoxymethylene resins are used frequently
by coating grease to the sliding pbrtions.

10 However, such a coating of grease prolongs the
operation period in working steps. Furthermore, in case
of using a fluorocarbon solvent in the coating step,
then environmental pollution ptoblems will occur. Under
the circumstances, there have been eagerly expected the

15 development of polyoxymethylene resin composition which
can be used without need of coating grease.

Currently, however, there have not been known
any specific technology for improving the sliding
characteristics at high temperature of the

20 polyoxymethylene resin.

As to prior art references related to
improvement of sliding characteristics of
polyoxymethylene resins, there have been known some
literatures e.g., method of adding an ester of 1,4-

25 butanediol with a fatty acid to polyoxymethylene resin
(JP-B-55-23304); method of adding a boric acid ester of

- monofatty acid gl&céride (JP-B-57-15616); method of

adding'polyolefin having active hydrogen atoms and



polyoxynethylene resins, there have been known sone literatures e.g.,
fret hod of adding an ester of 1,4- 25 butanediol with a fatty acid to

pol yoxynet hyl ene resin (JP- B- 55- 233045 nmet hod of adding a boric acid
ester of nonofatty acid glyceride (JP°B-57- 15616) met hod of

addi ng polyolefln havi ng active hydrogen atons and

-3-  pol yet @ hé’ﬂ(?% gnsh @fg HEOCYRIALA- 45?2'6758')126%§§H0d methgd
addi ng a copoly a- oIefln with ethyl ene-vin

(JP- A- 49- 40346 rEe & carplypes \&fg efin %&lt?eﬁﬁgﬁgﬁé‘eﬁém’ﬁé super

hi gh I I 435 t d th
type copol yrer “‘e'o‘?m((#? AtV Ber® (8 ae BCRRgR- (58 A o
70678) ; t hod b ¢ Iéﬁﬂg I I t
agent)songs ?o e use Fgﬁﬁ%gfse gégﬁggﬂs {gguiﬁg ggég F. wggég%eiﬂgd
of adding a th@dﬂ!}d@ﬁlﬁ n&@%tﬁ@%pm@l ﬁaa@oq%th@nt ga@d%bo@;&melrkyl ene

oxide to al cohol to a polyacetal b copolynmer used as poly-

oxynet hyl ene r efivind\capraidigde nidlediidrodr ighwvovier 500 (Upedesprior art
references, the sliding characteristics - at anbient tenperature of the

pol yoxynet hyl er0e78) ;nmettiod of @ddinye a fherwegl asit o ledas tiomesn amdt bods
are not effective at -all to solve the problens caused by
i ncreasi ng t he fubriteadni pefdenti esu aandcovdr used ficandew noisat geagls
t enper at ure.
(JP-A-2-66365); and method of adding a thermoplastic
10 elastomer and an addition product of alkylene oxide to
alcohol to a polyacetal block copolymer used as poly-
oxymethylene resin. According to the methods known in
these prior art references, the sliding characteristics
at ambient temperature of the polyoxymethylene resins
15 can only be improved, but these known methods are not
effective at all to solve the problems caused by
increasing the friction coefficient and wear resistance
at high temperature.
Furthermore, there have been also known in
20 prior art references that a method of blending a poly-
olefin to the polyoxymethylene resin (JP-B-42-19498); a
method of adding a liquid form ethylene-oa-olefin random
copolymer to the poiyoxymethylene resin (JP-A-4-239566);
and a method of adding a modified a-olefin type polymer
25 to the polyoxymethylene resin (JP-B-59-204652). It
should be noted that the sliding characteristics at high

temperature of conventional polyoxymethylene resin

compositions cannot be improved ét all by the methods



Fur tshernore, there have been also known in 20 prior art references that a

fret hod of bl endi ng a pol y- olefin to the pol yoxynet hyl ene resin
(JP-B-42-19498); a nmet hod of adding a liquid form

et hyFene-[err]-ol efin random copolyﬁbﬁ o the pol yoxymet hyl ene resin
(JP- A- 4-239566) ; .and a nethod of adding a nodified [err]-olefin type
pol ymer 25 t o RIRYIHAY BHARR BT e 3 tpienensefo. 204652). |t shoul d
be noted that the sliding characteristics at high t enper at ure of
conventi onal pol yoxynethyl ene resin conposi ti ons cannot be inproved at

all by the-netqg -4- known in

d .
these prior art ’rsque?%%%sqf the I‘B’%’E%%‘h_re of 'fthe I nvention
Under such ci rcunstances,U&&]_,_er %@f@ircumé&%é or%q\g}a?rre%nr%ﬁ%ﬁt ed for the

purpose to provide 5 polyoxyne ene resin conposi n can show

very L ow 114 &§dDNfdn GRAE acddpl St ed SEGN i Gl gdlle WRAIprovideSSi st ance

characteristics at high tenperature such as at” 60 to 100[err] C, which
were measur &8l poBydqeyméthylend Orésih | cEmpeEi it athidH Gty shivwe vty t est

machi ne. 10 The present inventors have nmade extensive
studi es for achlewifuwic¢thibond] echadct dwl sitbionse -anehtexgeddent wean pose, as a
result, the present invention was com pleted by the fact that a
pol yoxynet hyl erkesistancesharactenisticsm abipighiteprenaBre ¢wh ®part s
by wei ght OT a'at: 60 to 100°C, which were measured by a point-
contacting reciprocal sliding movement test machine.
10 The present inventors have made extensive
'studies for achieving the object of the above-mentioned
purpose, as a result, the present invention was com-
pleted by the fact that a polyoxymethylene resin com-
position comprising (R) 50 to 99.9 parts by weight of a
15 polyoxymethylene resin and (B) 0.1 to 50 parts by weight
of a polyolefin resin containing 30 to 100 % by weight
of ethylene unit based on the whole polyolefin resin
prepared by use of a single site catalyst shows surpris-

ingly very low frictional characteristics and excellent

20 wear resistance properties at high temperature.

Best Mode for Carrying Out the Invention
In the present invention, the polyoxymethylene
resins being used component (A) can be exemplified by a
homopolymer prepared by polymerizing a formaldehyde
25 monomer or a cyclic oligomer such as trimer of

formaldehyde (trioxane) or tetramer of formaldehyde
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(trioxane) or
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nkage;

‘15’polyoxynethylene resin and (B) 0.1 to 50 parts by weight of a
‘polyolefin resin containing 30 to 100 % by wei ght of ethylene unit
based on the whol e polyolefin resin repared by use of a single site
cat al yst shows surpris- ingly veryTlewfrictional characteristics and
excellent 20 wear resistance properties at hi % tenperature Best
Mode f or CarrJ'tﬁj" reRXane 7| dfeithigGh both terminal grpupgeof, tbent _
i nvention, 0l _yax Iene . gnent (A) can be
el § 1 ed bR ReBELTHIE BEs hated oiFH. A%, SRR, A3RREER8R 8 sEfhEny de

an

£¥HoRanee bk e aB%XAEKY | ene

unit having 2 to 8 ‘carbon 5 atons, preparedgby copol yneri zing trioxane or

t et raoxane

widH fa &yaidd @ taidie s s e tdiyldnmnoxdde]e propyprnene
oxi de, 1, 3-dioxorane, a formal of glycol, or a formal of di gl ycol ;

t he

above oxynet hydsdde c dpd@-dimxodand her formalawingliycaichedt- eoifecmadr ofhai ns;
and an oxynet hyl ene 10 bl ock copol yner, containing nore than 50% by melght

of

segnmeftiglaaqdi dihey aehowwmgﬁtwd@nmqomlmews fuggher

having branched-molecular chains; and an oxymethylene

10 block copolymer, containing more than 50% by weight

of

segments comprising an oxymethylene unit and less than

50% by weight of segments of a different unit com-

ponent(s). Preferably, a polyoxymethylene homopolymer

may be used. More preferably, in view of the sliding

15 characteristics at high temperature, the polyoxy-

methylene homopolymers in which both terminal groups are

sealed with acetyl groups can be used. Furthermore, a

blended product of this polyoxymethylene homopolymer

with a polyoxymethylene block copolymer in which one of

20 the terminal groups is sealed with a residual group

of

an addition product of alkylene oxide to alcohol may be

-used preferably.

The polyoxymethylene homopolymer in which both

terminal groups are sealed with acetyl groups, and the

25 polyoxymethylene block polymer in which one of the

terminal groups is sealed with a residual group of an

addition product of alkylene oxide to alcohol can be



50% by wei ght of segnments of a different unit com ponent (s).

‘Pref érably, a pol yoxymet hyl ene honopol yner may be used. Mbre
preferably, in view of the sliding 15 characteristics at high tenperature,
t he "pol yoxy- met hyl ene honopol ymers=i & which both terminal groups are

sealed with acetyl groups can be used. Furthernore, a bl ended product
of this pol yoBARRANAGERY S| BRkmer 1244 iqn éﬁ)(ﬂm)ﬂ%ﬁ@‘@l‘ock.
arowp of | BSBA D) bR AL W Ryl ene oxi de to al cohol may be.
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to al cohol ganaNeylene oxide to alcohol are aliphatic al&ohols MaRAdiged by
ani on pol yneri zatlon as disclosed in US-A- 2,998, 409 and JP-B-2-24307.

Preferabl e al cohote 2 derbveedatsns ) NEuPtlidatsre, prdfedable tdikylmelual
groups of addition products of 5 alkylene oxide to al cohol are aliphatic

al cohol s havi ngkides Q@ be @Led afbonsat Dadyidgirtiersame pyrpisy adee
al kyl ene oxides to be used for satisfying the sanme purpose are
propyl ene oxi dercpyllene raxibdéd yandctekrametAyene oxide. The
additional molar number of the alkylene oxide to the
10 alcohol is 1 to 1,000, preferably 1 to 50. Preferable
number-average molecular wéight of the block copolymers
is 10,000 to 500,000, excluding molecular weight_in the
portion of the terminal groups.
| In the blended products of the polyoxy-~
15 methylene homopolymer, in which both terminal groups are
sealed with acetyl groups, with the polyoxymethylene
block copolymers, in which one of the terminal groups is
sealed with the residual group of addition product of
alkylene oxide to alcohol, preferable blending ratio of
20 the block copolymer is 5 to 90% by weight, more prefer-
ably 50 to 80% by weight, based on the whole amount of
the polyoxymethylene resin.
In the polyoxymethylene resin composition of
the present invention, the content of polyoxymethylene .
25 resin as component (A) is 50 to 99.9 parts by weight,
based on 100 pafts by weight of the total amount of
component (A) and component (B). When the content of

component (A) is lower than 50 parts by weight or



addrtional nolar nunber of the al kylene oxide to the 10 alcohol is 1
1,000, preferably 1 to 50. Preferable nunber - aver age nol ecul ar we
of the block copol yners is 10,000 to 500,000, excluding nolecul ar
wei ght in the portion of the terninal? dgfoups. In t
bl ended products of the polyoxy- 15 pethyl ene honopolyner, ip which b
term nal groupBigher thans88.8qParts HUeW?FGEFouEB?angﬁ ghiding

pol yoxynet hyl ene bl.ock copolyners, in which one of the termnal ¢
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oxi de to al cohol ef erabl e bl ending . ratio, 20, t he. bl ock_coppl ymer
to 90% by meigﬂFthéFBepFSFéP-composgﬁF9nSUlgg BE»&B@ahé?ﬁhténgag% on
whol e armount of egggsﬁglyoxynethylene resin. In the
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unit, based on the whole polyolefin resin, is used.

The single'site catalyst is also called as
metallocene catalyst, which contains 1 to 3 molecules of
cyclopentadienyl or substituted-cyclopentadienyl which
is disclosed in JP-B-4-12283, JP-A-60-35006, JP-A-60-
35007, JP-A-60-35008, JP-A-63-280703, JP-A-5-155930, JP-
A-3-163088 and US-A-5272236, and has a homogeneous
property of the active sites.

The single site catalyst is composed of a
transition metal compound represented preferably by the

formula (1):
RO4R1,R2,R3IRIgM (1)

(wherein M is a transition metal selected from the group
consisting of zirconium, titahium and hafnium;

Rl is a ligand having a cyclopentadienyl
skeleton; a 5-membered heterocyclic ligand having 1 to 4

carbon atoms, containing nitrogen, phosphorus, arsenic,

25 antimony or bismuth as hetero atom; or a hetero-

be



5 = In the pol yoxymnet hyl ene resin conposition of t he present

i nvention, the polyolefin resin as conponent (B), which is prepared by
ysing a single site catalyst, and containing 30 to 100% by wei ght of
the ethyl ene unit, based on the whol® %dTonefin resin, is used. 10

Th i | ite c¢atal IS also calle met al | ocene cat al whi ch

containg T To Eridedatpoligana’ Ing Epsﬁeﬁﬁsdpéﬁmsp atom, pﬁospfylorus
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S 60 5008 85BRABE, Ox§ath, MepR ocupigs” kB8 1365n ns Ee s andseaen

or oper 253;9 B Nt i‘%gf@s 2 H§Sﬁb§ﬁ§3§?ﬂgf£d§ ?%ti‘%?ﬁ%gz”.e:’::
composed of @ wien' G"TbER" B! ghbgggﬁgwﬁq LERERBER! BPoR! EhEr ghLpbY !

Pranart
sel-ected frgm n z cen t g8fshatpi um
Rerr] is ag||§§§3gﬁggp of %3c g 8 bE 2 thgPe?%ﬁﬂang nﬁe%g

heterocyclic | a&gndghw?naflet Qo4 20 cae%hoataher,mancaankﬂ ngr&upr ogen,
phosphorus, arsenic antinony or bisnmuth as hetero atom or a hetero-

- 8- tri dewhtiehl apaadkiyl giroap bifelnitbr agecaabom apbmsphbsr us at om
or oxygen atom occupies the ligand site, and each

substituted with at least one aryl group of 6 to 20
carbon atoms, and an alkyl-aryl group in which an aryl

io group of 6 to 20 carbon atoms is substituted with at
least one alkyl group of 1 to 20 carbon atoms, in this
case at least two sites in the ligand may be substituted
with one type of the substituent, furthermore the alkyl
group is in a straight, branched or cyclic form, and at

15 least one of the above-mentioned substituents may be
bonded to the ligand through an oxygen, nitrogen, sulfur
or phosphorus étom, and at least one of the carbon atoms
constituting a substituent may be a silicon atom. R2,
R3 and R4 are each, independently a ligand having a

20 cyclopentadienyl skeleton; a 5-membered heterocyclic
ligand of 1 to 4 carbon atoms containing nitrogen,
phbsphorus, arsenic, antimony or bismuth as hetro atom;
a hetero-tridenate ligand in which a nitrogen atom,
phosphorus atom or oxygen atom occupies the ligand site;

25 an alkyl group of 1 to 20 carbon atoms; an aryl group of
6 to 20 carbon atoms; an aralkyl group in which an alkyl
group of 1 to 20 éarbon atoms is substituted with at

least one aryl group of 6 to 20 carbon atoms; an



one-of these ligands is unsubstituted or substituted with at | east one
‘'substituent selected fromthe group 5 consisting of an alkyl group of 1

to 20 carbon atons, an aryl group of 6 to 20 carbon atons, an aral kyl
grodp in whi ch an al kyl group of 1 to920 carbon atons is
substituted wth at | east one aryl group of 6 to 20 carbon atons, and

anbal kyl - a(rjyl Qjﬁ‘iﬂkﬁﬁﬂ VT UP G fiich &n @l ‘35?"6’ &F £ tt?arzlgoﬁaa’t'tb(%‘s i s
1 o
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Straight, brafineld atget id mef;ﬁ]{,&?é B &y eas"f'J e opRd 0P 'S 1N
above- ment i ongg, I8 uﬂ'tén Wg:%/s %utéﬁ)wcg&}ﬂstf 3‘.‘?.1 "H;/éitrtdr ough an

oxygen, nitrogen, sulfur orus atom an one of the

carbon at ong car%&?’ﬁf&%ﬂté glatéLﬁ’Sééth?PtaﬁWs b5 i gédu‘s% R2,

R3 and R4 are eac ently a |1 gand having a cyclopentadlenyl

skel eton; a 5- ﬁﬂ‘i’?eé'@dlé‘@ét?rw%élﬁogen atoAd m1dgdid #tcapr kan st ons

contai ni ng nitrogen, phosphorus, arsenic, antinony or bisnmuth as hetro
atom a hey@rogén i seom eini glsl cdsahiiod LUKV I rqagap dioriin a
phosphorus atom or oxygen atom occupies the ligand site; 25 an alkyl group
of 1 to 20 carsoraigboschainarhtanched af cyclid ferm0 fmrtier dthers; an
aral kyl group in which an al kyl group of- 1 to 20 carbon atons is
substituted wiakkyt group) ecaxyl opxoupy|alkplar vk sroup ZnG &uedkkydt ons; an

10 group may form a heteroatom ligand by bonding to the
transition metal through an oxygen atom, nitrogen atom,
sulfur atom or phosphorus atom; further at least one:
carbon atoms of the alkyl group, aryl group, alkylaryl
group and araikyl group may be a silicon atom; further

15 each one of the ligand having a pentadienyl skeleton,
the S5-membered heterocyclic ligand of 1 to 4 carbon
atoms containing nitrogen, phosphorus, antimony or
bismuth as.hetero atom, and the hetero-tridenate ligand
.in which a nitrogen atom, phosphorus atom or oxygen atom

20 occupies the ligand site is unsubstituted or substituted
with at least one substituent selected from the group
consisting of an alkyl group of 1 to 20 carbon atoms, an
aryl group of 6 to 20 carbon atoms, an aralkyl group in
which an alkyl group of 1 to 20 carbon atoms is

25 substituted with at least one aryl group of 6 to 20

- carbon atoms, and an alkylaryl group in which an aryl
group of 6 to 20 carbon atoms is substituted with at

least one alkyl group of 1 to 20 carbon atoms; in this



=9-: al kylaryl group in which an aryl group of 6 to 20 carbon at ons
is substituted with at | east one alkyl group of 1 to 20 carbon atons; a
group of the formula -SQ3R, wherein R is an unsubstituted or
substituted hydro- 5 carbon group of ¢ 88 8 carbon atons being substitued
with at |east one hal ogen atom a hal ogen atony or _a hydrogen atom in
this case the ca%§lagrbepststvp aites of rthghtigand maypresmokstortuled | c
form further the al kyl group, aryl group, alkylaryl group and aral kyl
10 group may f%&%?a?%%tEYB%t%ﬁ1Fﬁ@aﬁﬂgﬁ§l hofethere the alkyhsition

Ttom furiher GowBalE iRt belatiRbcindiBmbranched an Fra i Fo iy o S
. al kyl - d U (1
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5-menber ed petgEogyahbe Lb9end Pig&n&otlgirgﬁll?%n oxyc%é’ﬁ %&Prﬁﬁﬁﬁe

ni trogen, phosphorus, antinony or h as hetero atom and

hetero-tridenaggoh 98lfur atbhl widﬁﬁpspnbfﬁggafbﬁ; OF Ry r PHS RbY0e USE s or
oxygen atom 20 occupies the ligand site is unsubstituted or substituted

with at | east gagbétbatoiyesbnseleatbagl 8osubsei lion® may beasa blidsh of an
al kyl group of 1 to 20 carbon atons, an aryl group of 6 to 20 carbon

atons, an aral §gbmgroup in whi ch an al kyl group of 1 to 20 carbon
atons is 25 substituted with at |east one aryl group of 6 to 20
carbon atons, and an al kgl asyangiotegen largér athamyl;
10 bs ¢ and d are each an integer of 0 to 3;
provided that a + b + ¢ + d = 4,
each one of Rl, R2, R3 and R4 is bonded to the
transitional metal M.
RO is an alkylene group of 1 to 20 carbon
15 atoms, a substituted alkylene group of 1 to 20 carbon
atoms, an alkylidene group of 1 to 20 carbon atoms, a
silylene group; or an substituted silylene group which
is substituted with at least one substituent selected
from the group consisting of an alkyl group.of 1 to 20
20 carbon atoms, an aryl group of.6 to 20 carbon atoms, an
aralkyl grdup in which an alkyl group of 1 to 20 carbon.
atoms is substituted with at least one aryl group of 6
to 20 carbon atoms, and an alkylaryl group in which an
aryl group of 6 to 20 carbon atoms is substituted with
25 at least one alkyl group of 1 to 20 carbon atoms, each
of which combines one member selected from the group

consisting of R2, R3 and R4 with Rl; and x is 0 or 1.)
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haénsuhy! ene group mhlch S substltuted mnth at lea
t selected fromthe group consisting of an al kyl gr

carbon amsnprefierab}e gingpeosibet catdlystbHpnzitoomsium
I n which an al kyl group of 1 to 20 carbon. atons is

substituted w chmpouhdsassucheasyylcygloppnsadéenylzircorbusatbbn at ons,

an al kylaryl g

10

15

20

25

roup in which an
chloride, pentamethylcyclopentadienylzirconium tri-

chloride, bis(cyclopentadienyl)zirconium dichloride,
bis(cyclopentadienyl)zirconium monomethylmonochloride,
bis(methylcyclopentadienyl)zirconium dichloride,
bis(pentamethylcyclopentadienyl)zirconium dichloride,
bis(ethylcyclopentadienyl)zirconium dichloride,
bis(cyclopentadienyl)zirconium dialkyl, bis(cyclo-
pentadienyl)zirconium diphenyl, dimethylsilyldicyclo-
pentadienylzirconium dimethyl and methylphosphinedicylo-
pentadienylzirconium dimethyl; titanium compounds such
as, bis(indenyl)titanium diphenyl, bis{cyclopenta-
dienyl)titanium dialkyl, bis(cyclopentadienyl)titanium
diphenyl, bis(methylcyclopentadieﬁyl)titanium dialkyl,
bis{1l,2-dimethylcyclopentadienyl)titanium diphenyl and
bis(1,2~-dimethylcyclopentadienyl)titanium dichloride;
hafnium compounds such as bis(cyclopentadienyl)hafnium
dichloride and bis(cyclopentadienyl)hafnium dimethyl;
and vanadium compounds such as, bis(cyclopentadienyl)-

vanadium dichloride can be mentioned.

kyl

er
on
¢ and

e group $f 1 to 20

oup,
st
oup
n

and



aryl group of 6 to 20 carbon atons is substituted with 25 at |east one

‘al kyl group of 1 to 20 carbon atons, each of whi ch conbi nes one nenber
sel ected fromthe group consisting of R2, R3 and R4 with Rerr]; and x
is 0 or 1.) Am)ng'tﬂeza‘bove mentioned transition netal
conmpound, preferable content of the cyclopentadi enyl or substituted
cycl opent adi enyl is 1 t&18%pascqther Preferable singje FF&HSl tion netals

whi ch are prefera ed .are .t he ahpve |on it n|u Zi rconi um or
haf ni um tifétsq¥fﬁﬁ§ﬁngﬁﬁl§ %$BF3 Sggay Pbonlun1 :
conpounds such a ycI ni.um.tr l. r|d _
pent anet hyl cy Yé&/%'af ﬁfiﬁ{lrﬁ' rmﬁ? ordll(ﬁ:é’l(‘bq'l(a ?'tert
bi s(cycl opent d1R9 ri -1 79—

bi s(cycl opent }31@5}%‘% Z1T co uméirjrﬁneﬁli%l ”arrs:olaﬂe&taglenyl) 1s2

bi s(met hyl gycl rﬁdﬁéﬂfﬁ%”ﬁfﬁﬂfﬁfﬁﬂé”'éﬁéthyamldo) (tetra-

bi s( pent anet hyl cycl opent adi enyl ) zi rconi um di chlori

bi s(et hyl cycl opatydisvdydldpetiddi el - HBethafediylzirconium

bi s(cycl opent adi enyl ) zi rconi um di al kyl, bis(cycl o-
pentadlenyI)zwdxuhmonﬂdhiﬂ*anhthm&ﬂdeEhéqdahanhyl}ﬂs-cyclo-

pent adi enyl zi rconi um di met hyl and met hyl phosphi nedi cyl o-
pentaduenylzurpnnnaﬂnenykﬁ+tmZ-chanﬁdmmlanﬁnnwn;dmnniorlde.as

bi s(indenyl)titani um di phenyl, bis(cyclopenta- 20 dlenyl)tltanlun1d|alkyl
-bls(cyclopentakﬁ%hxlém é) tramethyl-n5-cyclopentadienyl)-

10 methylenetitanium dichloride, (tert-butylamido)dimethyl-

(tetramethyl-n5-cyclopentadienyl)silanetitanium
dichloride, (tert-butylamido)dimethyl-({tetramethyl-n5-
cyclopentadienyl)silanezirconium dibenzyl, (benzyl-
amido)dimethyl (tetramethyl-n5-~cyclopentadienyl)silane~
15 titanium dichloride and (phenylphosphido)dimethyl(tetra-
methyl-n5-cyclopentadienyl)silanezirconium dibenzyl can
be mentioned.
The single site catalyst in the present inven-
tion can also be used together with a promoter., As the
20 promoter, for example, those disclosed in the above-
mentioned patent publications can be used. Preferable
promoter is at least one selected from the group con-
sisting of an organocaluminiumoxy compound having an
alkyloxyaluminium unit as repeated tnit, such as methyl-
25 aluminoxane and ethylaluminoxane; an organocaluminium
compounds such as an alkylaluminium and a trialkyl-
aluminium; [BuzNH][B(CgHg4R)4), C2BoH13, water, a Lewis

acid and an ammonium salt.



“di phenyl , b|s(nethylcyclopentadlenyl)tltanlun1d|alkyI bi s
(1, 2- d|nethylcyclopentadlenyl)tltanlun1d|phenyl and
bis(1, 2-di met hyl cycl opent adi enyl ) titani um di chl ori de; haf ni um
conmpounds such as bi s(cycl opent adi enyl yhafhium 25 dichloride and
bi s(cycl opent adi enyl ) haf ni um di met hyl ; and vanadi um conpounds such as,
bls(cyclopentadlenyl) The apgvedtmentdosrtopraanesaleinbunesyed.

Also as other preferable single site catal ysts,

(tert butylanﬁﬂﬁ$x¥¥ﬁk% wmgap@prPga@yymbcompounds may be used
pentadlenyl) hanedu{IZ|rqon|un1d| hl ori_de, (tert-

but yl am do) - ( &Cfnyl)-1,2- 5

ethanediyltitanlun1d|ch§%{l y%§e§h§tﬁ§ﬁéh é%ﬁ%ﬁsoRFSﬁFnt 1“8?8ﬁﬁ8?|de

met hyl -[ err] 5-cycl opent
pentadlenyl) efﬁgneglyltlt nlunlg'cﬁp Egase polymerization or

(et hyl am &o) -
(et hyl ani do) - (deatytams fiselnix@rrﬂz‘é% %eratl%dﬂwéb) in Be EBbOE! eRetitani um
di chloride, (tert-butylam do)di nethyl -

(tetranet hyl - [abyoveb-nad iened aditent pribdldrelitiioha.unPreferdbdll ori de,
(tert-butyl am do)di nethyl -(tetranethyl-[err]5- _

cycl opent adi epdl)ysid rdresd iroxodisuracdivtdray [polyimerdyglation. For example,

am do) di net hyl (tetramet hyl -[ err] 5-cycl opent adi enyl )silane- 15 titanium
di chl ori de and-hepipaiptqiiefsighines)idi marh e pstepared, according to a

nmet hyl - 0gclopentadlenyl)mIane2|rcon|umd|benz |, can be nenti oned.

The S|nglé digcliapedd priBsin31163088, which is hereby

incorporated in its entirety by reference, by contacting
one or more types of olefins with thelabove-mentioned
single site catalyst in a vapor phase or in a solution
under the addition polymerization conditions.

15 Thé ethylene unit content of the polyolefin
resin being prepared by using the single site catalyst
of the present invention is 30 to 100% by weight based
on the total amount of the polyolefin resin. When the
ethylene unit content is lower than 30 $ by weight,

20 sufficient sliding characteristics at high temperature
cannot be achieved. 1In view of the sliding
characteristics at high temperature, the ethylene unit
content is preferably 60 to 80% by weight.

In order to prepare the above-mentioned olefin

25 resin, other olefins to be copolymerized with ethylene
include, fatty group-substituted vinyl monomers, such as
propylene, butene-l, pentene-l, 4-methylpentene-l,

hexene-1l, heptene-l, octene-l, nonen-1, decene-l,



tion can al so be used together with a pronoter. As the 20 pronoter, for
‘exanpl e, those disclosed in the above- nment i oned patent publications
can be used. Preferable pronoter is at | east one selected fromthe
group con- sisting of an organomtﬂﬁ¥ﬁUﬁny conpound havi ng an

al kyl oxyal umi nium unit as yepeated unit, such a t hyl - 25 al_um noxane
and ethylalumqﬂﬁeﬁﬁﬁe?ﬂv(ﬂié%ﬁﬁﬂ?ﬁﬁﬂﬂqﬁﬁézcenQ§;Np adggenesd ran

al kyl al um nium and a trialkyl.- al uni ni.u _ _

[ Bu 5 err ]OI NH] [ B( ’rb}‘_rar‘fﬁeé’f‘?']lﬁ) [*b‘?’ﬁﬂ?ce(ﬁeeﬁrq é’[e«régr'ﬁqﬁcéaﬂﬁ 1, QCkpdegensy o

acid and an ammonj y . . 13 .-

The above-nenﬁggﬁgﬂﬂ%iﬁg. g?ﬁiuﬁﬁﬁ?ﬁﬁﬁafl' 1%&3%&*%?:? & gPEh%&a%dninium
conmpounds nay _ [ ' ﬁ&{bi ' t

The pol yol efi néjlrec’en?ltf’ﬁfj? nt?sf%e; %Fqlezle%o#rk/en ( oérwtg(ycgan eé&ﬁ%par ed by known
vapor phaseshpoé,yg@gi e® s rene dmg)lgﬁé Oy 1 VBT d Al Vsﬁlyq_l sclosed in
t he above the above- nernt 1 oned patent publications.” Preferable

pol yneri zat i OrndrforkéX 8/} | AP Wy NPInyRtdddtatd) LYW cC.acid edteesol yolefin
resin can be prepared, according to a 10 nethod disclosed in

JP- A- 3- 163088, meta eyl Bc hec b yesters ) ngygindyliasr ylnic tac ieh tdstains by
reference, by contacting one or nore types of olefins with the

above- nent i onegllycidybnetperylic acidlesters, hydporyedihgtlaehadnyldcsol ution

under the addition polynerization conditions. .. .
acid esters and the like; nitrogen-containing wvinyl

10 monomers, such as acrylamide, allylamine, vinyl-p-
aminobenzene, acrylonitrile and the like; and dienes,
such as butadiene, cyclopentadiene, 1,4-hexadiene,
isoprene and the like.

Preferable polyolefins are homopolymers of

15 ethylene or copolymers of ethylene with one or more
types of a-olefin of 3 to 20 carbon atoms. From the
standpoint of achieving the lower friction coefficient,
the number of carbon atoms of a-olefin as the comonomer
is preferably 4 to 16, more preferably 6 to 12.

20 Number-average molecular weight (Mn) of the
polyolefin in the present invention, which is measured
by an instrument of Model:150c~GPC, manufactured by
Waters & Co., and by using 1,2,4-trichlorobenzene as a
solvent, at a température of 140°C, is preferably 10,000

25 or more, more preferably 10,000 to 100,000, in terms of
the polysﬁyrene standard sample. Furthermore, from the
standpoint of adhieving the lower friction coefficient,

Mn is preferably 20,000 to 60,000.



5 - The et hyl ene: unit Content of the polyolefin resin being

prepared by using the single site catalyst of the present invention is
30 to 100% by wei ght based on the total anount of the polyolefin
resin. Wien the ethyl ene unit contén3 § | ower than 30 % by weight,

20 sufficient sliding characteristics at high_tenperature cannot be
achi eved. In view of theFEPPgFhg standppipscpErpchieving FpghheenpeYerture,

th t hyl it ., t i f b 60 t. 0% b i ght .

(e UV ene Ut s o SRR RS 0o G H R YBHER o o1 e 1o
e copol YT 1256 ! 1uSGBESAC by <l BSLACnch TS bl 656" SURALALULFY Vi 1Y
h -1, hept 3 - -1, ad -

nexene- 1. nepl g3 phofReiRNy Lot Shah, JCGERY bretergbly 1.9 o 2.7.
pent adecenes, hexadecengn!¢nBepradenensnbeneebAdensaeied-tipe

nonadecene- 1, eicocene-1, isobutylene and the |iKke; aronuti c-type vinyl

nononer s, suchpalydlerdn® mayd belUhsled deedhst poapelafdnt Pesihke; ester-type
vi nyl nononers, such as vinyl acetate, acrylic acid esters,

‘metacrylic aci Howevers, igl wdiesy lofc aphievdnigd thet eliding chhyacdgkretacrylic
acid esters, hydroxyethylnetacrylic acid esters and the |ike;

ni t r ogen- cont aiisitigsviaty highD tenmperaturesuunmadifded-aypeepoab)efiimae,
vi nyl - p- am nobenzene, acrylonitrile and the |ike; and.di enes,
are preferable.

.10 Furthermore, modified-type polyolefins are
polyolefins treated after the modification, including,
polyolefins obtained from the polyolefin resins prepared
by using the single site catalyst, then subjected to
decomposition treatment such as thermal decompbsition,

15 or oxidative destruction; or polyolefins obtainéd from
the polyolefin resins prepared by using the single site
catalyst, then subjected to graft-modification with a
vinyl monomer other than ethylene.

From the standpoint of achieving lower

20 friction coefficient, melt index (ASTM D-1238) of the
polyolefin resin of the present invention.is preferably
0.5 to 40 ¢g/10 minutes, more preferably 0.7 to 10 g /10
minutes.

The content of the polyolefin resin, as

25 component (B) in the resin composition of the present

invention, is 0.1 to 50 parts by weight based on the

total amount of the above-mentioned components (A) and

(B) being 100 parts by weight. From the standpoint of



’sueh as but adi ene, cycl opent adi ene, 1, 4-hexadi ene, | soprene and the
i ke. Pref erabl e pol yol efins are honopol yners of 15
ethylene or copolyners of ethylene with one or nore t ypes of
[erf]-olefin of 3 to 20 carbon atons. <Frimthe st andpoi nt of
achieving the lower friction coefficient, the nunmber of carbon atons
of [err]-ol ef @aghdewing domarowarn amount ,pitieecopitpnt i§ psefesably 2
preferably 6 to 12. 20 ) Nunber - aver age npl ecul ar. wei ght  (Vh) of
the pol yoHeiith BT &3 MBSGNE | nFE e HHEORBPd Nte S PERTEViNghy an
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of achi eving fﬂirdkhetredl\%?ﬁture cdrrdd i) ieRfidvied e Rhi 180 haenl @hevei ght
di stribution Mn/ (measured by the above-nenti oned GPC apparat us),

is preferably doint Rafcebds B e g dylleight] tthe2wbrn amount at In
the present invention, nodified-type polyol efins may be used as the
pol yol efin rediigh tempeiatnure will beVimfrewmdedvi ng the sliding character-
A resin consisting of a copolymer of ethylene,
10 which is prepared by using a catalyst other than the
single site éatalyst for example Ziegler catalyst, with
one or more of a-olefins of 3 to 20 carbon atoms may be
added in an amount of 0.5 to 5 parts by weight to 100
parts by weight of the resin composition comprising
15 component (A) and component (B) of the present
invention. From the standpoint of achieving lower
friction coefficient at high temperature, the number of
carbon atoms of the a-olefin is preferably 4 to 8, and
the amount of the copolymer to be added to 100 parts by
20 weight of the resin composition is preferably 0.5 to 3

parts by weight.

Lubricating agent may be added to the resin
composition of the present invention. 1In the present
invention, the lubricating agents are organic compounds

25 which are liquid or solid at ambient temperature, which
can reduce the reciprocal friction coefficient of the
polyoxymethylene resin composition [the friction

coefficient (point-contacting reciprocal sliding



I stécs at high tenperature, unnodified-type polyol efins are preferable.
10 Furthernore, nodified-type polyolefins are pol yol ef i ns
treated after the nodification, including pol yol ef i ns obt ai ned from

t he pol yol efi n resins prepared by Usiﬁg'the single site catalyst, then

bj ected t d i t t t h | .d | tion,
15 0r oxi dat | VECHEBERECERBRACEPT bBEGRbY FAoREREArRbaY rEpoLnd Fpilat °"

| vol ef i . b . : : .
i) ect ed o oPARESTBRRETES, YK RBERbRTnSLAT Ef Hinin cofifodlyfes td°"
t hyl ene. : ; : | eyl 20
?rigt?gﬁ coeffV%%gﬁt?.%gFFE?%EEQS(%é%ﬂ?ggégég§ég?c?£gﬂlggCé%%Fé%lefin resin
of the presentmhex'f@a%w/a?ga BEC5B53Ph¥S, radfuf &8 ¢fleOpdinel MaSs) ore

preferably 0.7 to 10 he content” of the

pol yol efin geshAd Bg udSngoEPeEERproBali BribRibASHEat OrPebstande ofedtie

pr esent i nvention, is 0.1 to 50 parts by wei ght based on the

total anount ofmathénebgMedeint ABTellSMSppmanufactéyednby TOHSQOE)Y bei ng 100
parts by weight. Fromthe standpoint of

- 16 - achBBIMAGSUowke £Ow)r nndasubhe chadibhonat of stemperatipre: 2 to
20 parts by weight. Fromthe standpoint of achieving further | ower
friction coeffR8PEmt 1oAA8 @okgentipgar traveling speed: 10 mm/sec. and

distance of reciprocal travel: 20 mm].

10 As examples of the lubricating agent, mineral
oils, liquid paraffin, paraffin wax, fatty'acids,
aliphatic alcohols, aliphatic amides, fatty acid metal
salts, fatty acid esters, silicone oils, esters of
polyhydric alcohol with fatty acid, esters of polybasic

15 acid with fatty alcohol, glycols, addition products of
alkylene oxide to polyalkylene glycol or alcohol,
addition products of alkylene oxide to fatty acid, and
liquid ethylene~o-olefin réndom copolymers can be
mentioned.

20 As preferable examples of the lubricating
agent, fatty acids such as, lauric acid, myristic acid,
palmitic acid, stearic acid, arachidic acid, behenic

~ acid and montanic acid; alcohols such as, hexyl alcohol,
octyl alcohol, cetyl alcohol, stearyl alcohol, behenyl

25 alcohol, ethylene glycol, propylene glycol, butylene
glycol, 1l,4-butanediol, polyethylene glyéol, poly-
propylene glycol, polytetrahydroxyfuran, copolymers of

alkylene glycol consisting of two or more types of



prefierably 3 to 10 parts by weight. Wien the content is 5 below 0.1 part

by weight, the sliding characteristics at hi gh tenperature cannot be
i mproved, while when the content exceeds 50 part by weight, the worn
anouht at hi gh tenperature will be imdased. A resin

consi sting of a copolyner of ethylene, 10 which is prepared by using a
cat al yst ot her allkad eneoxide as mginomsirt and4t dley St BocopRANPEE 2fegl er

catal yst, with one or more of [err]-qlefins of 3 to 20 carbon atoms
may be adf&hyilene, dysade sty PrPcPYﬂ-eﬁ‘&r s&wlﬁévgﬂtlYFsrie@

parts by melght he resin I ti Ry!,Si gnent (A) and
Corponent (8 #PL ﬁeerslémanﬁo%%w R e e

of o " Eﬁ'ﬁ“‘a nsderild st Al %f"?dﬂtﬁl%%&?'é%éré@?‘ﬁ‘?&@%‘oi’§°‘i‘*§§sr‘3@be[ ne
amount of t e ?‘?% IAME A Thd Wt te‘io%d %Qc%bg.gt ghekhe resin

conposition |s p parts
Lubricating ag%r&mﬂa%@@iﬁdi ta% tflﬂ:erafﬁr'l'&mlde, iﬁm%'ﬂh&ﬁd@f the present

i nvention. In the present i nvention,” the lubricating agents are
or gani ¢ conpourdseyldmiwiy C ety ldmpb it (@”te%&lyildmﬁﬁeé)malndnbthgméﬁébﬁ.w-e,
whi ch can reduce the reciprocal friction coefficient of the

pol yoxymet hyl enlestreeaiylamirdedsi tmetal] tdad Hy ioft ifartty acidsesiichi ast,
(point-contacting reciprocal sliding -
17 - calcium stearate, zinc stearate and magnesium stearate;
10 and liquid ethylene-a-olefin random copolymers can be
mentioned.

More preferable lubricating agent is at least
one selected from the group consisting of an alkylene
glycol-type copolymer having a number-average molecular

15 weight of 100 to 5,000 and a liquid ethylene-a-olefin
random copolymer.

As examples of the alkylene glycol-type
copolymer, tetramethylene glycol-ethylene glycol
copolymers, tetramethylene glycol-propylene glycbl

20 copolymers, propylene glycol-ethylene Qlycol copolymers
and addition products of alkylene oxide to long chain-
fatty alcohol of 1 to 22 carbon atoms can be mentioned.
Among these copolymers, tetramethylene glycol-ethylene
glycol copolymers containing 30 to 70 molg of tetra-

25 methylene glycol uhit, and having a number-average
molecular weight of 1,000 to 5,000 are preferable.

As the liquid ethylene-~a-olefin random

copolymers, there can be mentioned random copolymers of



novenent characteristics) is nmeasured by rubbing a flat pl at e made of

t he pol yoxynet hyl ene resin conposition to which a lubricating agent is
added, with a counter mat erial nmade of SUS ([err]=5, radius of the
point: R=2.5), 5 and by using a reCIprégl“frlctlon wear resistance test
machi ne (Mbdel : AFT-15M5, manuf actured by TOHS SEI M TSU &_CO.)
under the condPERBAENSf Wikhpeng: gFemore °f2§PEFY]EF°PBaﬂ“b§tkEUt?¢near
traveling speed; 10 mmi sec. and di stance of pecipro veI 20 nm .
10 Xin¥LaHERBESF 1 HHCF‘uﬁﬁl RROPRECagenPLERRACE Al PSR}

liquid ff id I | I

a:?gkatpgrgnihgs E ?Pyigem%eﬁﬁt I ggnEZF{shePEEPé gg}écﬁg?é go :llicone
ils, t I I th f -

pol ybasi ¢ 15 °‘\gesaew33hﬁ?*§®y 17 SRHRCetE) Ty, Bo0LoBAEL B EiScthery

al kyl ene Oxsdetbergabxeahwhenf,ealtxa@be%-al caBRhdecene~-2§dhbpPRAREEHELT S Of

al kyl ene oxide to tatty acid, l'iquid ethylene-[err]-olefin random

copol ymers caniheoctadedie~aNedonad@cene~1, eicolenp-kf 8t abke-exanpl es of
the lubricating agent, fatty acids such as, lauric acid, nyristic

acid, pal butiyleae.d, Thieger randomd coprighedscpaetdrabkhehace a acid
and nontani c acid; al cohols such as, hexyl al cohol, octyl al cohol,
cetyl al cohol , numbarylaverageomolecndayl wei§htabfohoD, tet k)L e6@ gl ycol,
propyl ene egcoI but yl ene gl ycol, 1, 4-butanediol, polyethylene :
gl ycol , poly- measuﬁﬁ@p@ﬂéN@l@ByéoNaP96l?Féﬁﬁaﬁ9d9§%9ﬂﬁtﬁﬁr aBflol ymers of

al k Iene | ycol consisting of two or nDre t
Y g1 conteiﬂing 0 to 80 mol of

%%e ethylene unit, and also
the a-olefin preferably has 3 to 20 carbon atoms. From
the standpoint of achieving lower friction coefficient,
the ethylene unit content is 30 to 70 molg. Further,
from the standpoint of achieving lower friction

15 coefficient, the number-average molecular weight of the
random copolymers is preferably 600 to 8,000, more
preferably 700 to 5,000. From the standpoint of
-achieving lower friction coefficient, the number of
carbon atoms of the a-olefin is preferably 3 to 10. The

20 above-mentioned liquid form ethylene-a-olefin random
copolymer can be prepared by a known method, for
example, a method as disclosed in JP-~B-2-1163 by using
hydrogen as an agent for controlling the molecular
weight in the presence of Ziegler catalyst.

25 The above-mentioned lubricating agent may be
added in an amount of 0.01 to 20 parts by weight based
on 100 parts by weight of the above-mentioned resin

composition comprising component (A) and component (B).



18 - al kyl eneoxi de as nononer unit (e.g. a copolymer of et hyl ene
glycole with propylene glycole), glycerin, pol ygl ycerin and
pentaerythritol; esters of the above- mentioned fatty acids and

al cohol s; addition products of 5 aIkyFeﬁQ Oxi des to the above-nentioned
al cohol s; fatt

id i d h : /I anj d | mtylamd
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stearylam de); netal_salts_o .acids, such a cal ci um st ear at e,
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ubri cat i ng sgBRRiFeede” Exep RS s§3R8paint, of prbievindoi8uBt Sonsioting
T5 “eiant of E55cE48L BRREELHESARP LT RENLRgi A tugagE g T A0S Mo Re
copol ymer. g PreferaPlx aB3e8X3APLAS afbuhBCop! YL RS OYERELEYRE
copol yner, tetranethyl efie gl ycol -ethyl ene gl ycol ~copol yner s,
tetranet hyl eneyghiyael,- AoeRy beeeedhpyagl 0.80t6080pNHEEShby Ph@DYhEEbased

gl ycol -et hyl'ene glycol copolyners and addition products of al kyl ene
oxi de to | ong ohallo0 partsf byt yedghthof thelresifi2compbsitabnus can be
nment i oned. Anong these copol yners, tetranethyl ene gl ycol -ethyl ene
gl ycol copol ymers cont ai BongtBe purposeote, achieveathe resin
composition of the present invention having further
10 lower friction coefficient, poly-B-alanine copolymer can
be added in an amount of 0.01 to 5 parts by weight,
preferably 0.1 to 0.5 parts by weight, based on 100
parts by weight of the resin composition comprising
component (A) and component (B). The poly—-B-alanine
15 copolymer is a copolymer having 3-nylon structure and
other molecular structures within its main chain
structure. As the examples of preferable poly-B-alanine
copolymers, there can be mentioned those prepared by
methods disclosed in JP-A-63-118328 and JP-A-3-234729,
20 that is acrylamide or its derivatives, or a poly-B-
alanine copolymer obtained by polymerizing acrylamide or
its derivative with other vinyl monomer in the presence
of a metal alcoholate, the copolymers containing 1.4 to
13 mM of the primary amide/l g of the polyacrylamide
25 copolymer. Average particle size of the poly-B-alanine
copolymers is 1 to 10 um, preferably 1 to 6 um.

In addition to the above, lower friction

coefficient at high temperature of the resin composition



25 ret hyl ene glycol unit, and having a nunber-average nol ecul ar wei ght

of 1,000 to 5,000 are preferable As the liquid

ethyl ene-[err]-olefin random copolyners there can be nentioned random
copot ymers of -2 - 19 - ethyl ene with
one or nore of fatt roup substituted- vi nyl .nonqg sych as

propyl ene, but &fe-tiie Rrg :Enventypq1qﬁg|§ﬁ ﬁgﬁ?@ﬂ@dl Ygéﬁ@ﬁégls to
e decone. 1 " %égﬂpé'he@efg EOVRC R IR S TR L
1, octadecene- 1, &:‘:acr%ebjyhgfé ngicte'bpf %:h%r feEQ.n com ggl.f.tﬂb%n I Iwgsght

randon1copo|yners pre nber- nmol ecu

cont ai ni g 20 4 ETG Mo ipri i3 %%% (KRR o0
[err]-ol efim pregdy eraéa»e hRsxoh txﬁt%%‘eam%@t %aveﬁrag@ partitie shgadpoint

of achi eving Iomer friction coefficient, he et hyl ene unit content is

30 to 70 mol % Jfurgtereo 10 unf,) &Ad ftsbrﬂ:fa’olﬂﬂl@@ rmt 0af techi.evigneyl Gesgnt,
friction 15 coefficient, the nunber-average nol ecul ar wei ght of the

random copol ymprefiergblsf @ 48 \bAL 2 & y0GRight of diboponf erdbkidé00 to
5,000. Fromthe standpoint of achieving lower friction coefficient,
the nunber of in theavhwileatbomormmittrddesrr]-olefin is preferably 3 to 10.
The 20 above- nentlonedIdémgéiggnggaggggéig% L%rgkeogglggngaqggghtlon
10 can be pelletized through a melt-kneading operation by
using a melt-kneading machine, commonly used at
temperature higher than the melting point of the
polyoxymethylene resin to be processed. As the melt-
kneading machine, a kneader, a roll mill, a single-screw
15 extruder, a double-screw extruder and a multi-screw
extruder can be mentioned. However, in consideration of
the requirements for sealing resin composition from
oxygen and working atmosphere, it is preferable to
proceed the pelletization by using a double-screw (two-
20 start screw) extruder under a vent vacuumized condition.
| If desired, within the range of not impair the
'object of the present invention, other additives which
are conventionally used as additives for plastics, for
éxample hindered phenols, hindered amines,.UV-absdrbers,
25 inorganic fillers, pigments and the like may be added to

the resin composition of the present invention.

Furthermore, other additive which are used in common



copol yner can be prepared by a known nethod, for exanpl e, a nmethod as
di sclosed in JP-B-2-1163 by using hydr ogen as an agent for controlling
t he nol ecul ar wei ght in the presence of Ziegler catalyst. 25

The &above-nentioned |ubricating agent may % = added in an anount of
0.01 to 20 parts by weight based | on 100 parts by weight of the,

above- nent i one®FEFYMEthykenfh &e3inth LImGXaniG «c JIRIG&TeR orapedfmin=
conmponent (B). I n accordance

wi th addition FoRtdside AIMaengphas may 35 Ps ﬁ%%ﬁ-ddn coefficient at
N gn temerature can be e 3EY GUSe RLA NS o daghal ok A BeeYi R0

| ower friction coeffi I"cat1 ng agent erably

added i an amyded Qrlodft i R d¥used £ filer (B of a0y 0. 5

to 5 parts by on 100 parts wei ght of thé resin
conposition.s garious slididd'pdiEidhs ROSOR O(C?F-ﬁl'c@/?dt'&artq%n')

conposition of the present invention having further O lower friction

coefficient, palacHBidd; A e KOO EIeLAFor exdipladirdry) an anount of
0.01 to 5 parts by weight, preferably 0.1 to 0.5 parts by weight,

based on 100 beapirigs, Mevetphtkef $tems eodams,omEitiaty) callers,ng
conponent (A) and conponent (B). The poly-[err]-alanine 15 copolyner is a
copol yner havi muiXeytoblets ubdurerRintvideo tEperrewdmiad )ar ssitdeuct ur es
wWithin its main chain structure. As the exanples of preferable
pol y-[err]-al arp¥ates, cam gears, gears in copying machines, driving
10 parts of paper supplier in LBP (laser beam printer),
gear trains for toner agitater, gears for cartridges,
parts of sliding portions in CD-ROM drivers and the
like. Particularly, the polymethyleneoxy resin
compositions of the present invention can preferably be
15 used for bearings, levers, gears, cams and rollers in
automobiles and copying machines, where the working
temperature tends to elevate higher than 60°C.
Next, the present invention will be explained
in detail by illustrating the following Examples,

20 however, the present invention is not restricted at all

thereby.

Examples 1 - 28 (Present invention)
As disclosed in US-A-2,998,409, polyoxy-
methylene homopolymer powder was prepared from formalde-
25 hyde by anion polymerization, and was dried at 80°C for
3 hours. The homopolymer had an ihtrinsic'viscocity of

1.2 (this value was obtained by meaéuring a solution



copol ymers, there can be nent i oned t hose prepared by met hods di scl osed
in JP-A-63-118328 and JP-A-3-234729, 20 that is acrylamde or its

derivatives, or a poly-[err]- al ani ne _copol yner obt ai ned by _
pol yneri zi ng acryl am de or its derrva@dive with other vinyl nononer in
t he presence of a netal al coholate, the_copolynmers containing 1.4 to

égerLFL gPgepghﬁﬁﬁgfawhasilziiozrzﬁérﬂé|chéysaﬁiaﬁgfgslﬁobo?%nﬁglgzgfiﬁge
ey Ll s LR et
- 21 - of Vﬁ gb Qg @‘Pﬁ&&ﬂ )énananﬁﬁé ﬁcﬂFiSeanﬂﬁxaB§$ﬁgn§f$% - 500
Rl oht of the PALENICSR EePBTa010 AT eEE, " pE80ROEH cermflal rfibe’ o’
conponent (4) aﬂdtﬁeﬁﬁeﬁs%lymér(5)erf5§le£l1 ﬁrﬁﬂtﬂ!éééﬁ%hﬁb gan average |

particle size [err]m and containing 1.0 % by

wei ght, preferably PofpolefOn2rebis\\aiobhowh thbpiwletsiwaiée in
t he whol e boron nitride. The resin conposition of the

present invent poepatédcby hempehbdt bfegoltboghpelyrét i kachoh NDIPPR+F3+i On
by using a nelt-kneadi ng nachi ne, commonly used at t enperat ure
hi gher than t h4638B8i fyhpohntisoherkby incoppbyakingt gl éhe ertinety by
processed. As iggegghgé)] by using (tert-butylamido)dimethyl(tetra-

10 methyl-n5-cyclopentadienyl)silanetitanium dichloride as
the sihgie site catalyst, and methylaluminoxane as the
promoter. The molecular weight of thus prepared
polyolefin resins were measured by using an instrument
of Model 150c-GPC, manufactured by Waters & Co., and

15 test sample of the resin was dissolved in 1,2,4-
trichloro-benzene as a solvent, the measurement was made
at temperature of 140°C, and test result were obtained
by converting the test value using polystyrene as the
standard test sample. The melt index of the polyolefin

20 resins were measured by a method of ASTM D1238 as
mentioned above. Under nitrogen gas stream condition,
thus prepared.polyolefin resin was blended with
polyoxymethylene homopolymer in which 0.3 part by weight
of "Irganox 245" (manufactured by Ciba-Geigy Corp.) was

25 added as an oxidation inhibitor, and with a lubricating
agent as shown in Table 1. The blended-product was

pelletized by melt-kneading so as to prepare resin

compositions as shown in Table 2, by using a dual vented



kneadi ng machine, a kneader, a roll mll, a single-screw 15 extruder, a

doubl e-screw extruder and a multi-screw extruder can be mentioned.
However, in consideration of the requirenments for sealing resin
conposition from oxygen and wor ki ng @#nosphere, it is preferable to

proceed the pelletization by using a double-screw (two- 20 start screw)
ext ruder undereytyudervaéul/P284 vadarttha. conditions in thag: jeresedy

ithin th f t i ir th bjiect of th t i tion,
ot her addi ti voteHREEACUTe " 2PR°EanpuAPES |e§°a§@dr%§°§€§f$$%'sf¢'§5 | b

I ics, f l.e hi nd d, ph . hind d. anmi . UV- ,
Do ot Fpme, SAIBRARo: BSBRR R Rk mBl P hER AT s phserbers
33Up05't'°” of tLRBePLERERL 20%CRbL 90oec; KkhHAADREPifie P%Q@idggéét've

ich are used I'n~ conmmon - -

pol yoxymet hyl eRgmeqsi B3s! 06 §X3"RiRuelBlaTkexe] ERhA"bBained GENFLLENYde

condensates nay al So be a . . he pol yoxynet hyl'ene resin
conposi tion of yebe drieBr agegbetn¥ert BORoGRAB, beneficd testnpieceéads of parts

in 5 various sliding portions of QA (office automation) machi nes, and
I n aut onobi | esmolldedexantihe (¢@8,Sradiusbefir thgspoinvcRe2.8pywagens, cans,
ratchets, rollers, guide rollers for VIR (video tape recorder), side
pl ates, cam geabsaigedr byi moddppgngheapkiliets Uyi usbpng alOoperownocé-paper
supplier in LBP él@ser bear_nprinter%L,= o13 gea;agagggguig; éongé ggitater,
gears for cartPPd@ésg machine (Mode 0G, y Toy
10 Machinery & Metal Co., Ltd.) undef the conditions of:
preset cylinder temperature: 200°C; the mold
temperature: 70°C; cooling time: 10 second.
The point contacting reciprocal movement
sliding characteristics of the test piece was measured
15 by using a reciprocal moving friction wear test machine
(Model: AFT-15MS, manufactured by TOHSOKU SEIMITSU &
CO.) under the conditions of load: 2 kg; linear
traveling speed: 10 mm/sec. and distance of reciprocal
travel: 20 mm, by using, as a counter material, a flat
20 plate having 3 mm thickness of the polyoxymethylene
homopolymer without the above-mentioned polyolefin resin
added, and changing an environmental temperature at 60,
80 and 100°C. Test resuits are shown in Table 2, where
the friction coefficient and the worn amount (depth of
25 maximum wear: um) of the test sample of flat plates were

obtained after testing of 30,000 times of reciprocal

movements.



par¢s of sliding portions in CO-ROMdrivers and the " like. Particularly,

't he pol ymet hyl eneoxy resin conpositions of the present invention can
preferably be 15 used for bearings, levers, gears, cans and rollers in

aut onobi | es and copyi ng nmachi nes, mhere‘tﬁé Wor ki ng tenperature tends
to el evate higher than 60[err]C. Next, the present invention
w Il be explained in detail by i | 1Tahkeatd ng the foll ow ng Exanpl es,

20 however, the present invention is not restricted at all t her eby.

Exanples 1 - 28 (Present invemypenpf lubricating agéstsdi scl osed in
US- A- 2, 998, 409, from

formal de- 25 hwyde |Bthyliete [(di0yneli 3jt-peopydedeng0odmoddsato8Ogmer] C for
3 hours. The honop Iﬁgehoqa an abﬁ%&i@gbgl¥h§gocity of 1.2 (this value

was obt ai ned by ne ring a
23 - t her eof i ch was prepared byMai §sér6PfAg 0.1 Wbby melght of
sai d honopol yneT T p- cnioropnenol_cont ai ni n % DY rght _of
[err]-pinene), &d |Eithydensl t(40haed BASPWPDY%SBE (10 mei(E)rogtem@ 0 g/10
m nutes, also both t&gTipRal grqgmaom eopdfylie honopol yner were sealed with
acetyl groups. Pol yolefin résins as shown in Table 2 were
prepared by a nethdd of solution ponneMPzatﬁBﬁ [ JP- A- 3-

C. |Ethylene (40 mol %)-propylene (10 mol %)-octene
(50 mol %) random copolymer
Mn = 10,000

D. |Ethylene (40 mol- $)-propylene (10 mol %)-octene
(50 mol $) random copolymer
= 700

E. |Ethylene (40 mol %)-propylene (10 mol %)-octene
(50 mol ) random copolymer

F. |Tetramethylene glycol (50 mol %)-ethylene glycol
copolymer
Mn = 3,000

G. |Tetramethylene glycol (10 mol g)-ethylene glycol
copolymer
Mn = 3,000

H. |Ethylene bis(stearylamide)

I. |Addition product of propyleneoxide (20 mol) to
stearyl alcohol

J. |Cetyl myristate

K. |Glycerin monostearate




163088 (which is hereby incorporating in its entirety by ref erence)]
by using (tert-butylam do)di nethyl (tetra- 10

et hyl - n5-cycl opent adi enyl ) si | anetitani um di chl ori de as t he single
site’ catal yst, and met hyl al uni noxane as~t#& = pronoter. The mol ecul ar
wei ght of thus prepared pol yol efin resins were neasured by using an
i nstrument T del L150c} GPC, Inu aﬁtufe §) tlers & Cp.,| and 15
test sanple of the resifﬁ@mgs Hind < asﬁdn 8!l Puw [ & |henzene as
a solvent, the ngeasuf e@%-—was"‘nﬁﬂb" | gy )["br"r‘] €, and
test result were q?taine Ry _tponveltijngj tt using o
pol ystyrene as t ggtandprd tpstl spngl e bf It hel,
pol yolefin 20 r S[l!ns v%[;}e“neaurre;ict Aol hex &5~ §
ment i oned above. | hdpr Bkt Sogphl g'és"kt"l’ Yo (M ol | )53 [PTiepar ed
pol yol efin resin| was blgmded Y|P S &I RK P IS n®r 1i n
which 0.3 part b Sel g ofl "Irg x 124b" y_IC ba- Gei gy
Corp.) was 25 add®d as an, ox dgt i pn (i nhi Bi tpr, rijcating
agent as shown i Tabl%g heHIPE{ B PEIEE @eg by
mel t - kneadi ng so| as owpfgﬁhre rles| m copd im Table 2,
by using a dual pente ]
extruder of L/D2p, under e gonditidqns in tpat: prégset t enper at ur e:
200[ err] G numgek pfﬂﬁgk eww eyol utiors: 100 rpm unl oadi ng capacity: 3
kg/ hour; maxingnre _grg‘éﬂﬁ,t brpey at yre: 1205{to 210¢; kpeadf ng i ne
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5 téme): 0.5 to 0.7 mnutes. Next, thus obtained pellets were dried at

80[err]C for 3 hours, then a test piece of nol ded resin ([err]=5,
radi us of the point R=2.5) was obt ai ned by nol ding the pellets by
usi Nng a one ounce- mol di ng machi ne=(RBd&l : T130G, manufactures by Toyo
10 Machinery & Metal Co., Ltd.) under the conditions of: preset '
cylinder tenperaffurg: [20P[grrJ CJ T phe [no| d Tepgrag ufe. T,
cooling tinme: 10 |s&bai|ds| o of o] | o] o Haspaijns| eors ped i ecal
novenent sl ijdPhg [CRpFYCT eM|ST | Y B[ ‘A He| Fgsf| 19| sepT\as| We =d" iL5
by using a reciprlocal [noying frilct|{or wearl test] npchin
AFT- 15M5, manuf adt ufedq by TOHBOKU BEIIM ISY & CO. )| unde )ndl'tlons
of load: 2 kg; lijnrepm| | = jtenpoglcepeg|spped <« L& ] @gcr | @ancH dbd L of &
reci procal t{rAy Bl | b0 [l ~Hy? LS 3| Y hdsthtidr] wué'f Al ratg 20
pl at e having 3 MMPhFRJKRESY B || FYIFpR R B IRhe| 2| 2| T
wi t hout the abovg-nentli ohed pol ol efifn fedin added, |an iing an
envi ronnment al tenpefatjurg gt 60, 8D gnd| 1Q0[er]1 q Tes esjul s are
shown in Table 2,| NG| 3| D1 &5 ' gn 2l t© pad unt
(depth of 25 rnax&n%nsuaawr:"D err?w)g: ﬁ,? get$s§qﬁ eg(f8 gls) wer e
obtained after tgstind ot 30,9004 ti{ngs oOf {refigroral )
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Type .of lubricating agents
random copol yner
2,600 B. Ethylene (40 nol

% - oct ene

ra

- M
7
7
co
no

Et
to

ndom copol yner

(50 mol %

A. Ethylene (40 nol

% - propyl ene (10 nol

% - oct ene
- PB = 500 C. Ethylene (40 nol

(5

% - propyl ene (10 nol

Mn =
0 mol %

% - propyl ene (10 nmol % - octene (50 mol 9% random copol yner
= 10,000 D. fthytgmer40Tor—9—nropytrerme—torpt—9fyogtene t50 nol
random copol YTeh| o]l of ] | n (g n ™ 8 OElh Ighé‘ ﬁdec éO mol
-propyl ene (10 |n® wpetjenpw | < & ol | andomeTioppleyiel N NN
= 5,000 F. Tetfaretpyllenp gl yEoll (bO|nmo] 95 -let hyllené dl y¢ol
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- 31 - Exanpl es 29 - 33

0o -

‘(Conpari son) In Exanples 29 - 31, polyolefin resins, having
conposi tions as shown in Table 3, prepared by method simlar to that

enployed in Exanple 1 were used in the =531ltests, and in Exanples 32 and

33, polyolefin_resins prepared by using a titaniumtype Ziegler

cat al yst c%ﬁ%mﬁ%¢ﬁgz%f‘a%gyﬂgﬁﬂﬁaﬁtﬁﬂ%giunlchloride and Tid[err]

(disclosed in JP-A-60-144351) were used in the test._, The tests were
conduct ed by procedure s*?ri%%"?ml’{ae? ’1&'9@‘?%%{‘ B&H % %a‘ﬁé%l ts
are shown in ngﬁgogitions as shown fg Table 3, prépared by method
similar to that employed in Ekample 1 were used in the
5 tests, and in Examples 32 and 33, polyolefin resins
prepared by using a titanium-type Ziegler catalyst
consisting of anhydrous magnesium chloride and TiCly
(discldsed in JP-A-60-144351) were used in the test.
The tests were conducted by procedure similar to that

10 employed in Example 1. Results are shown in Table 3.
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- 33 - Exanpl e 34 (Present invention) Test was conduct ed
by using resin conposition and test nethod simlar to those enployed in
Exanmpl e 1, except that in place of the pol yoxynet hyl ene honopol ynmer 5
used in Exanple 1, pol yoxynmet hyl ene copot \3&r prepar ed by cation

pol yneri zation of trioxane with ethylene oxi de, as disclosed in

US- A- 3, 027, 352 Examples@d (Present pdaivembiemhyl ene copol yner had an
intrinsic viscocity: 1.1; a nelt index:10 g/ 10 m nutes; and contai ned

10 oxyet hyl ene group 2. 8 TSty wasi gendusded bysysding gesin COF‘Ppétlf-éﬁn

coefficients at 60, 80 and _100[err].C were 0..12 and O.
respectivel y. AW &8t DRINAS simid@r &0 tqmsear?&‘%ﬁér FPCEGSQF‘B 551'50 and

Test wab. ConduBRAFRYy tiak dil Rl At et polYoReckHSNE Bikhopbiymes; o |
iy ene. ootbndec B Fite 1, HARREAdUAMISGbATHES B clBLER ©f
Zi egl er C3yAl detts i gt i 1R drl) @(Q{Mcﬁza}% @ﬁQ‘W%rthﬁeréhe to 20 100

parts by weight "of the resin conposition of Exanple 34" As a result,
the friction copffde; e Qnichibedln US-ME| 0090357, Gasised.12rhe. 12 | nd

0.10, respectively. The worn anounts at 60, 80 and 100[err] C were 45,
40 and 40 [err]polyoxymethylene copolymer had an intrinsic viscocity:
l.1; a melt index:10 g/10 minutes; and contained
10 oxyethylene group 2.8 % by weight. As a result, the
friction coefficients at 60, 80 and 100°C were 0.13,

0.12 and 0.12, respectively. The worn amounts at 60, 80

and 100°C were 55, 50 and 50 um, respectively.

Example 35 (Present invention)

15 Test was conducted by procedure similar to
that employed in Example 1, except that test sample was
prepared by adding 2 parts by weight of ethylene-octene
(25 % by weight) copolymer obtained by using the Ziegler
catalyst which was used in Example 32 (comparison), to

20 100 parts by weight of the resin composition of Example
34. As a result, the friction coefficients at 60, 80
and 100°C were 0.12, 0.12 1nd 0.10, respectively. The
worn amounts at 60, 80 and 100°C were 45, 40 and 40 um,

respectively.

25 Example 36 (Present invention)

Test was conducted by procedure similar to



.respectively. 25 Exanple 36 (Present invention) Test was
‘conducted by procedure similar to - 34 -
that enployed in Exanple 1, except that in place of t he '

pol yoxynet hyl ene honmopol ymer i n which bot B4t er mi nal groups were
'acetylated as used in Exanple 1, a bl ended product of 40 parts by

wei ght of pol y‘é&%ﬁeﬁml%ggb-}@cﬁxa@%%pbb yeEeept thad ip mlasenrfesihe n

whi ch one of the two ternlnaI%%Boups was sealed with a reS|duaI group

ofd i additioﬂ;obY%?m?tBylﬁP%p}?‘P OLYIeE ¥BoWhifh %h%t"eealm al cohgl,
Whi ch was. pr €S GUbBy¥ té{f%‘e%‘%‘se%i‘t’gq?ﬁ%nﬁ%%éed ooh FaaTible hﬁ"“ &Equ%cﬁseﬁ”i n
JP- B- 2- 24307, met

BT g/rvi“’eé&axﬁsta€>4$§f>%imb%ov oof b apd By Stpeth e end BRER VP Ly
As a result Q«gp%g&ﬁékogmfoeié §/f6‘ @1%59..?%?9 wﬁPc@ngn%oc% &Hd #@re .

0.11, 0.10 gnd respecti vel Worn anmounts were 4

35 [err]m tefﬁ§ﬁ§§t{;¥6h%s was seaféarmiénBZ fﬁ tépn)
Test was conducted by procedure simlar at enploye in Example 1

Test sanple wasaabtabﬁeﬂrbauceooﬁdﬂregyﬂeﬁepaiidby(wlr@dsu;) ofo stearyl
poly-[err]-al ani ne copol yner to
alcohol, and the remainder of terminal_group was sealed

nd

with acetyl group, and which was prepared by a method of
10 anion polymerization as disclosed in JP-B-2-24307, with

60 parts by weight of polyoxymethylene homopolymer (MI:

10 g/10 minutes) in which both terminal groups are

acetylated. As a result, the friction coefficients at

60, 80 and 100°C were 0.11], 0.10 and 0.09, respectively,
15 and the worn amounts were 40, 35 and 35 um,

respectively.

Example 37 (Present invention)
Test was conducted by procedure similar to
that employed in Example 1. Test sample was obtained by
20 adding 0.3 part by weight of poly-B-alanine copolymer to
100 parts by weight of the resin composition of Example
1, said poly-B8—-alanine éopolymer was prepared by methods
as disclosed in JP-A-63-118328 and JP-A-3-234729, in
that acrylamide and metﬁylenebisacrylamide (10 mol %)
25 were polymeriéed in the presence of a metal alcoholate,
said poly-B~alanine copolymer contained 10 mM/ 1g of

polymer of primary amide, and its average particle size



106 parts by weight of the resin conposition of Exanple 1, said
poly-[err]-al ani ne copol yner was prepared by nethods as disclosed in
JP- A-63-118328 and JP-A-3-234729, in t hat acryl am de and

met hyl enebi sacryl am de (10 nol % 25\MH¥§rﬁﬂynerized in the presence of a

nmet al al cohol at e, sai d poly-[.err]-al gni,ne ,copol r. gontai ned _10 mM
| g of poM@ferd dfepr iAr‘?"ar{/) rz??'/ﬁ“hé;,' 13&?(? i%tté'cé‘\}&“g&?%ggrlf’ilepésslafeso'

50" and 100[ or BCANG oo vete Fuddy 90 L P BB  ERpreEhaVeLyY B,
amounts were A}:‘T‘re %rq{q%m%?.\éttg rw]erPe r@g%g\ﬁ? %8 re%@%h%eﬁ%.gpr esent

I nvention) 5 was con y pré%%dure simlar-t
that enployed in Exanple 1. Test sanple was prepared by addi ng 200 ppm
of boron nitride containing 0.1 % by wei ght of di boron trioxide

therein, havi g 4b1d P AP resefd invdit igme of 1 [err]m to 100 part by
wei ght of the f@ﬁ}esin gghposition of Exéﬁple 36. As a result, the

friction copfficients atped w3y Fhdlid¥Ued byCproceddréleimilarOtd0 and

0.09, respectively, and the worn anounts were 41, 36 and 35 [err]m
respectively. that emplulusi rim|Exsmplecdhi | itest Bample was prepared by

Pol yoxynmet hyl ene resin conpositions of the
adding 200 ppm of boron nitride containing 0.1 § by
weight of diboron trioxide therein,'having an average
particle size of 1 uym, to 100 part by weight of the
10 resin composition of Example 36. As a result, the
friction coefficients at 60, 80 and 100°C were 0.11,

0.10 and 0.09, respectively, and the worn amounts were

41, 36 and 35 um, respectively.

Industrial Applicability

15 Polyoxymethylene resin compositions of the
present invention possess excellent sliding character-
istics in high temperature working atmosphere over 60°C,
where conventional polyoxymethylene resin can hardly be
used; For this reason, the polyoiymethylene resin

20 composition of the present invention can be preferably
applied to part materials of sliding portions in preci-
sion machines, OA (office automation) machines and

automobile.



present invention possess excellent sliding char act er-—— _ istics in high
t enper at ure wor ki ng at nosphere over 60[err]C, wher e conventi onal

ol yoxymet hyl ene resin can hardly be used. For thi Iu
Bol yoxynet hyl ene resin 20 conposition of 36Ge-present ’j"mmuﬂ m",
preferably applied to part materials of sliding portid&nstin”preci*
sion machi nes, OA (office automation) naChAEMS and aut onobi | e.
- 36 - CLAI M5 1. A pol yoxynet hyl ene
resin conpositibn conpri & PﬂY‘?’H@“R%Y@I‘QSg’w? WW&ml?ﬁ@rGfS-a

ol yoxymet hyl eng ﬁ? t.0 r szgy wei_g of a
Bol §o| efin =Y hA{ g%‘#]t%‘? :#?1 FPTE 0 %8 y i RﬂlYé?i‘YétefMYé'-r?é‘e 5
unit based on o] i ' r Y USI
catal yst, provi g dﬁ?p‘%d Lﬁ 61 i £ :}-bd)rﬁeaora#sedb rﬁe"?ﬁ a(/ﬂ°s"é’r$g'e?g§)(r)]nent
B) make 100 pagdgid m%kg 00 é% iRk
f:oerom tion accoérszll né co1ntto to erel n;{ het,{n}r;o | nrbre r?q sI Zast
hono- pod yrtml@fbaeééa(lcﬁm:tma ;9&% Ye®in Hedt zf‘ét%
one [err]-olefin of 3 to 20 carbon "at ons. q: 3aynéfﬁylene

resin conpositigingle ifedcatal st O sy dﬂﬂded’"fﬁ{a% rtﬂé"%dl@ﬂ%ﬁidﬂ’e f@sinis
one prepared 15 by using the single S|te catal yst consisting o
transition netaomponEnind X pEnd admsbrient B Y AdkNilm parts by
.weight.
2. A polyoxymethylene resin composition according
10 to Claim 1, wherein the polyolefin resin is a homo-
polymer of ethylene or a copolymer of ethylene with at
least one a-olefin of 3 to 20 carbon atoms. |
3. A poiyoxymethylene-resin composition according
to Claim 1, wherein the polyolefin resin is one prepared
15 by using the single site catalyst consisting of a
transition metal compound represented by'the following

formula (1):

wherein M is a transition metal selected from the group
consisting of zirconium, titanium and hafnium;

20 Rl is a ligand having a cyclopentadienyl
skeleton; a 5-membered heterocyclic ligand having 1 to 4
carbon atoms, containing nitrogen, phosphorus, arsenic,
antimony or bismuth as hetero atom; or a hetero-

tridenate ligand in which the nitrogen atom, phosphorus



doraula (1): [err] - wherein Mis atr itiar ta

sel ected fromthe group consi sting of zirconiunq u“ﬂﬁﬁ Bﬂfﬁﬂgfnium

20 Rlerr] is a ligand having a c%glopentadi Ay x0Nn; a
a4 .

5- ménber ed heterocyclic ligand having 17t carbon atons, containing
ni trogen, phosphorus, arsenic, anti mony or bisnuth as hetero atom or

het er o- t AR R PFLELER FPIRCTHRIRS Fhe JgaRngd Sitesh&dish

hese 11 ganon She st CLFGHP LR UL, I, SR S30keg,, O
o 20 carbon QrES. At S48t Ynd Giitet eyél NETANES 2ol A e HBP )
Jubsri tut ed wiTRTSI SRy It E8 UBCPL dedidp Kk ORRY RAAUELD stoms; an
an al kyl - ary!l ﬁfy%iﬁhﬂﬂﬁ%aﬁbaﬁwcarborﬂrﬂ&nﬁ gh ledr 2k yIAPRUHPALYSE | S

substituted with at east one alkyl group of 1 to 20 carbon atons, in
this caseyltich emstalkypl Sgicsp i ¢Ff thetd | PMnshrbon et amsbsits t ut ed

with one type of the substituent, furthernore the alkyl group is in a
strai ght, bransilest btuttegd|with catn leasit avne aryl epmiupraf @& tiche20
above- nenti oned substituents may be
carbon atoms, and an alkyl-aryl group in which an aryl
group of 6 to 20 carbon atoms is substituted with at
10 least one alkyl group of 1 to 20 carbon atoms, in this
case at least two sites in the ligand may be substituted
with one type of the substituent, furthermore the alkyl
group is in a straight, branched or cyclic form, and at
least one of the above-mentioned substituents may be
15 bonded to the ligand through an oxygen, nitrogen, sulfur
or phosphorus atom, and at least one of the carbon atoms
constituting a substituent may be a silicon atom. R2,
R3 and R4 are each, independently a ligand having a
cyclopentadienyl skeleton; a 5-membered heterocyclic
20 ligand of 1 to 4 carbon atoms containing nitrogen,
phosphorus, arsenic, antimony or bismuth as hetro atom;
a hetero-tridenate ligand in which a nitrogen atom,
phosphorus atom or oxygen atom occupies the ligand site;
an alkyl group of 1 to 20 carbon atoms; an aryl group of
25 6 to 20 carbon atoms; an aralkyl group in which an alkyl
groﬁp of 1 to 20 carbon atoms is substituted with at

least one aryl group of 6 to 20 carbon atoms; an

alkylaryl group in which an aryl group of 6 to 20 carbon



."15zbonded to the ligand through an oxygen, nitrogen, sul fur

phosphorus atom and at |east one of the carbon atoms J“I“ﬂmfulut"m;"ml
substituent may be a silicon atom R2, R3 and R4

i ndependently a |igand having a cycpépentadlenyl skel €t oty

5- menber ed hetgrocycl

ni trogen, ﬂﬁsbﬁo?ﬁgég#gg%ag ogﬁtl#rg%?aﬁ r%ﬁ%niaiwnisgﬁ%%fl)g '?:gm

“tri t
oxygen at om ofBupiesaf AR rEgHE’ o, 8rBub82Eng) Btmua LBORR"0 L0 ar bon
at oms; an arybh@&@?ﬁogfiszénzahgug t§eh 8& 8¥°§§b tl@ﬁ@ékyl_group In which

an aIkyI grou carbon a 'S su S ed wth at

| east one_ar vhy@EgHRr BbnOtByR00fai0e 8 EHFboANatons Bhkygaryl group in

whi ch an aryl roup 0 car

38 - agonBubstiubedl utRdaw laaat bfasha®bged! §¥omPr&URaDbgdn to 20
carbon atons; a group of the fornula - SO3R, wherein Ris an

unsubst|tutedaOOmsubstathyddogen hydmecanbonigr capeothd &DkPl cqrdbupm at ons
being 5 substitued with at |east one hal ogen atom a hal ogen atom or
a hydrogen at &s1 innat btzadgbt thsial kbragcbed or cyslia fommr afghthehai n,
branched or clic form further t he alké group, aryl group, alkylaryl
group and araik?lalkylggﬁeﬂpma?rﬂérEfauﬁetél Hléﬁ?llgéﬂﬂ@b?n%o%ﬂﬁthlo t he

10 transition netal thrqQugh an _oxygen atom. nitrogen a sul fur atom
or phosphorusgﬁpBﬁlmﬁﬁrgﬂgP éthﬁéégPaGﬁ@ 1lgan5 g bonay 1ng to the

10 transition metal through an oxygen atom, nitrogen atom,
sulfur atom or phosphorus atom; further at least one
carbon atoms of the alkyl group, aryl group, alkylaryl
group and aralkyl group may be a silicon atom; further
each one of the ligand having a pentadienyl skeleton,

15 the 5-membered heterocyclic ligand of 1 to 4 carbon
atoms containing nitrogen, phosphorus, antimony or
bismuth as heﬁero atom, and the hetero-tridenate ligand
in which a nitrogen atom, phosphorus atom or oxygen atom
occupies the ligand site is unsubstituted or substituted

20 with at léast one substituenf selected from the group
consisting of an alkyl.group of 1 to 20 carbon atoms, an
aryl group of 6 to 20 carbon atoms, an aralkyl group in
which an alkyl group of 1 to 20 carbon atoms is

~ substituted with at least one aryl group of 6 to 20

25 carbon atoms, and an alkylaryl group in which an aryl
group of 6 to 20 carbon atoms is substituted with at
least one alkyl gfoup of 1 to 20 carbon atoms; in this

case at least two sites of the ligand may be substituted



Carhon atonms of the alkyl group, aryl group, alkylary grou and

ar al kyl group may be a silicon atom further each n “T lmg‘ m
having a pentadi enyl skeleton, 15 the 5- nenbered heterg ﬁ 1
to 4~ carbon atons cont ai ni ng ni trogen3? phosphorus, dnt frohy or

bi snuth as hetero atom and the hetero-tridenate |igand in which a

ni trogen at om WHayRe kYRR #f okhe EuRst uapt: fu pithe @&NY gand site
is unsubstituted or subsfituted 20 with at Ieast o e substltueB%H§elected
fromthe group 9FOUP chhstRi3 BRIt Fhginy ™t ons

2 al kyl gt oup I % CAFE PG L Feove %&fﬁ&fﬁy‘i AR vfbngs mall,
one aryl group i @or}@%g gglcar & Pou t}aﬁ?ﬂe £m,9 rﬂLHq:ddé ywhi ch

an aryl group at ons | mnth

| east one a'%Y'aQ&ﬁups@if&rté’té’rﬁ’ Gﬁrﬂ%bﬁﬁ&ﬂ?s thbxﬁ h'ﬁarther G cﬁt trfeast
two sites of the Ilgand may be subst’i tuted th one type of the

substituent; fusd ison tieoms kydbnstit @ Dp 4 Ssubk i it qﬁay Mria s ridehed
or cyclic forn1 and at | east one of the above-nentioned substituents

may be bondgtohp the |igand through an oxygen atom nitrogen 5 atom
sul fur atom or phosphorus atom further one of the carbon atons
constituting a substituem imyameintegér ckarger thatron;
b, ¢ and d are each an integer of 0 to 3;
10 provided that a + b+ ¢c + d = 4,
each one of Rl, R2, R3 and R4 is bonded to the
transitional metal M;
RO is an alkylene group of 1 to 20 carbon
atoms, a substituted alkylene group of 1 to 20 carbon
15 atoms, an alkylidene group of 1 to 20 carbon atoms, a
silylene group, or an substituted silylene group which
is substituted with at least one substituent selected
from the group consisting of an alkyl group of 1 to 20
carbon.atoms, an aryl group of 6 to 20 carbon atoms, an
20 aralkyl group in which an alkyl group of 1 to 20 carbon
atoms is substituted with at least one aryl group of 6
to 20 carbon atoms, and an alkylaryl group in which an
aryl group of 6 to 20 carbon atoms is substituted with
at least one alkyl group of 1 to 20 carbon atoms, each
25 of which combines one member selected from the group
consisting of R2, R3 and R4 with Rl; and x is 0 or 1.
4. A polyoxymethylene resin composition according

to Claim 1, wherein the molecular weight distribution



’a s an integer larger than 1; ' b, cand d are each an

I nt eger

one_of Rerr]
nmetal M

at ons,

al kyl i dene gr ¥w/Mof of tthex@odaciefiat gesingis notsmpyeekbagrdup, or an
substituted silylene group which is substituted with at |east_one
A polyexyRethydepec 58518t cARPESiEAOR| RPFOEASNE of 1

carbon _atons, an aryl group Qf 6 to 20_carbon atons, an, 20
aral kyl group & %1&‘1‘: Jan W&ﬁ?ﬁ”’g%&?p

substituent sd-ected

to 20

! onel” B S e, NN 55

Rlerr] is an alkylleme gro earbon

a substituted al kylene group of 1 to 20 carbon 15 atons, an

Rolypxygieshydengofesin compRrEirs

substituted w.t,h at t one .ar, s %VQ of. 6 to 20 g gn at ons,

an al kyl aryl é?ﬁ@bﬁ I ipoptal

substit

each 25 o

o @GI&F Y ¥e38

select omt

consi sting of Jfy drdborRddnls At dRatdd Y usiRiea ]catalig#s% b%hQrorthan

each

and

Pbofl atons is

ut e?, id °l<,ymr$oranes Onél%ﬁ%wl@ﬁ a¥’ 'é%s?:r ohel —%Q.e%iﬁmbg@ 3t s

4. A pol yoxynet hyl ene resin conp05|t|on accordi ng Claim1,
wherein the ntﬂrg:ldla{gwlgrﬁe dadaliad. on MV Wnh of the
polyolefin resin is not nore than 3. 5. A pol yoxynet hyl ene resin

conposi ti on a®or di ng

conposi -

10

15

20

25

tion further contains 0.5 to 5 parts by weight of a
to Claim 1, wherein the polyoxymethylene resin composi-

tion is e polyoxymethylene homopolymer in which both
terminal groups are sealed with acetyl groups.

7. A polyoxymethylene resin composition according
to Claim 1, wherein the polyoxymethylene resin composi-
tion is a blended product of a polyoxymethylene
homopolymer in which both terminal groups are sealed
with acetyl groups, with a polyoxymethylene block
copolymer in which one of the terminal groups is sealed
with a residual group of addition product of alkylene
oxide to alcohol.

8. A polyoxymethylene resin composition according
to any onekof Claims 1 to 7, wherein the polyoxy-
methylene resin composition further contains 0.01 to 20
parts by weight of a lubricating agent.

9. A polyoxymethylene resin composition according
to Claim 8, wherein the lubricating agent is at least
one selected from the group consisting of a polyalkylene

glycol copolymer and a liquid ethylene-olefin random

copolymer.

A polydxymethylener siesinheompbopdtioat agendingsin



5. gopolynmer of ethylene with at |east one [err]-olefin of to

carbon atoms, prepared by using a catal yst other th l"l"l’ MUMe SI te
cat al yst. 6. A pol yoxynet hyl ene resin:c ing

to daim1, wherein the pol yoxynet hyl eng Adsin conposi - 10 tiof i & a
polyoxynethylenﬁ honnpol¥ in whic m nal groups are seal ed
with acetyl pS. he P°1Y°meFBBYi%§9nﬁ?%§?e?@mp mposi ti on

accor di ng i n_conposi -

Sroorai enasaosﬁaaac§° #05" BB b RIRIYR Y B T h‘%%f)%f@re‘el?e. i ch

pol yoxymot hyl cHELHPREREEnYI8E repin, LohBGREERSD E6EHRGE hhtatng 0,00 .
oxi de 1o al conbP. 5 SR ER by Re18hg ReDs BULL-RIRLRREHY LoBbL MY T,

according 5 1§Q any ong ﬁ&%g&§g§§tﬁ%%§g§hg&%fﬁeéamﬁ§%199$ﬂQédbord1ng

net hyl ene resin conpositio by

wei ght of a |ukpi aalyl BdeaB€Ntlaims 19to 10, wﬁesehuoxueE§byysﬁy-reSIn
conposition according 25 to Claima8, wherein the lubricating agent is at

| east - onemethgtened resint bemposipioansugtheg obndapnsyal kyl soe
gl ycol copolynmer and a liquid ethylene-olefin random copol yner.
ppm of boron nitride, having an average particle size of
0.5 to 10 um, and containing 0.0l to 1.0 % by weight of
10 diboron trioxide based on the whole amount of boron

nitride.
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10, The pol yoxymet hyl ene resin conposition according to any one
of~-Clainms 1 to 7, wherein the ' ‘pol yoxynethyl ene resin conposition
fufther contains 0.01 to 5 pgarts by weight of a poly-[err]-al anine
copolymer. 5 11. A polyoxynethyTeﬁ%'Tesin conposi tion according
to any one of Cainms 1 to 10, wherein the pol yoxy- met hyl ene resin
conposition further contains 2 to 500 é&ﬁ#of boron nitride, having an
average particle size of 0.5.t0.10 Jerr].m and cqntaining 0.01 to 1.0 %
by weight of 10 di bor o TGRS IHENE Grrstie PGB G o055 158
nitride. (A) 50 to 99.9 parts by weight of a polyoxymethylene

resin and (B) 0.1 to 50 parts by weight of a polyolefin
resin, containing 30 to 100 $ by weight of an ethylene

5 unit based on the whole amount of the polyolefin resin,
prepared by using a single site catalyst. The present
invention provides a polyoxymethylene resin composition
which possess excellent lower friction characteristics

and wear resistance at temperature over 60°C.




