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to herein as po ﬁwemf) Tesin composmons having improved weatherability.
. Polyacetal resin is manufactured by polymerizing a mostly
formaldehyde monomerora formaldehyde tnmer (trioxane). Acetal
- homopolymer is a homopolymer of formaldehyde (for example, Delrin®,

manufactured by the Du Pont Company). Aeetal copolymer is obtained by

10 copolymerizing ethylene oxide with formaldehyde (for example, Duracon®,
- manufactured by the Celanese Company). Polyacctal is well known in the
art.

Polyoxymethylene resin, because bf its high mechanical strength,

excellent abrasion resistance, fatigue resxstance, moldability, and the like, is
15 extensively used, for example, in electncal and electronic apphcatxons,
automotive applications, and precision machme applications. -

However, conventional polyoxymethylene resin is deficient in that
it may not exhibit sufficient weathering re":‘:' tance, for example, when it is
exposed to sunlight for a long period of ume . This deficiency in weathering

20  resistance occurs because the main chams_pgar the surface of the
polyoxymethylene can be cleaved by light energy, thereby resulting in a
phenomenon called “chalking”. "Chalking” results in the generation of a fine
white powder on the surface of molded polyoxymethylene articles. This

"chalking" adversely affects the appearance; as well as the mechanical

25  strength, of the molded article. As such, it is desirous to enhance the
weathering resistance of polyoxymethylene oomposmons, especially when
the end product is targeted for automotive extenor and interior applications.

Past attempts to improve upon _the weatherabxhty of
polyoxymethylene compositions have inch':ided',._for example, use of a

30  benzophenone or benzotriazole type UV absorber, incorporating such a UV
absorber together with a hindered amine typelxght stabilizer, and plating or
painting the surface of a polyoxymethylene molded article. However, it has

__been found that incorporation of small anibunﬁ of a UV absorber or light
stabilizer into the polyoxymethylene yields uné'ﬁtiSfactory improvements in

35 the weatherabxhtv of the polvoxymethylene, whﬂe incorporation of large . - =

) amounts of a UV absorber or light stablhzer detenorates the heat stabxlm
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aut onoti ve applications, and precision nmachi ne applicétions

1+bmever conventional pol yoxynethyl ene resin is deficient in that It
~‘may- not . exhi bi t "suffici ent weat heri ng resi stiance, for exanple, when' it is

exposed to sunlight for a long period of tine. This deficiency in

weat hering 20 resi stance occurs because the main chains near the surface

of the pol yoxynet yl ene can be cl eaved by Ilght ener gy, thereby
resulting in a phenonenon cal 18d "chal.ing". "Chalking" results in the
generation of a fine powder on t'he surface of

pol ynet hyl ene art |@P§¥3“%|a§d mechamc@lrpgqggwgo ‘BHP@WQW‘QW%%&PH&“
appear ance, as velsucinas tdreaintiViabsorbérs 20 lighsstabsiligerh) if ndt sufficiemlyded article.

As such, it I's desl %b@eom‘?ﬂ' t\?ée]é(ﬁgd)&ﬁ}e]thyl%é ﬁ%ﬂ@ H&E t6 9?6! dﬁfr@a’d& of ﬁfe

polyoxynethylene co I ons
targeted for aut ormymemesay&qedn ammcqss.s:%llqdd? loorping wmché%ﬂts in a less
Past attenpts &0 |¢a§{rau§¢mlﬁ61g weat her abi l 1ty of pol yoxynet hyl ene

benbotr i asole type UV absEliag or Bif ';s%rvao?%f tryRElend Surrad 0 ARARGHGT", O
together with a hi disasiventageousdn temms o qynrabshmandmufammtsm thasr

painting the Surf%@dnﬂté&bﬁ iﬂé&db@ﬂ@ d@ﬁae&ﬁéﬁdﬂﬂﬁyomVer it has
been found t hat |ncqr ora | amount's®of a UV abSorber or |ight
stabilizer into th& W’V y| el ds unsatisfactory inprovenents in

35 the weath&ability of mb@rmhmﬂhedhﬁqrmptmﬁgWGathmbﬂmmolvon of
| arge anoungiangihg 2 Hetter Reaihafing Bendrabpirpdipolihé sudfds® | orates the

heat stability. polymethacrylate ester, into polyoxymethﬁlene (Japanese Patent Application
Publication Kokai 1-138258, Kokai 2-294352, and Kokai 2-180951).
However, the resultant compositions tend to suffer from difficulties in

15 maintaining the dispersion of the polymethyl methacrylate ester in a stable
and uniform manner. Such difficulties can cause nonuniform surface
degradation of a polyoxymethylene molded article, said surface degradation
depending upon the shape of the molded arucle subjected to the weathering

_ . test, and the like. .

20 : . Thus, the present mvennon is mmed at providing a-
polyoxymethylene composition which exhibns excellent weatherability
without significantly adversely affectmg the inherent properties (such as '
mechanical properties, abrasion-wear charactensncs. fatigue characteristics.
and moldability) of the polyoxymethylene. ‘It is further aimed at providing a

25  polyoxymethylene composition havmg umform weatherablhty which can be
used in interior and exterior pam wnthout any plating or painting treatment
thereof.

(@'

The above objectives were met by incorporating intoa
polyoxymethylene resin a UV absorber and/ or hindered amine light
30  stabilizer together with a graft copolymer oontaxmng epoxy-containing
olefinic monomer units and/or a polymer containing oxazolyl groups.
DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to a polyoxymethylene composition
consisting essentially of (2) a polyoxvmethylene. (b) a polymer selected from
35  (b)(1) graft copolymers containing epoxy-con_tanmng olefin monomer units,
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2 ' . appearance, and nechani cal strength of the pol yoxynet hyl ene.

Addi t.i ves. + such as certain UV absorbers or light stabilizers, if not
.sufficiently - conpatible with the pol yoxynmethyl ene, gradually bleed to
the surface of the pol yoxynet hyl ene in a process called bl oom ng,
which results in a less 5 desirous conposition. Pl ating
or painting a pol yoxynethyl ene surface is inevitably di sadvant ageous
~in ternms of operability and manufactuidi ng cost's in that - addi ti onal

. technol ogy is needed to inprove the wettability of the

ot o) g weat eI RS sy °xu%1§{§$npédf@gﬁ>éw”@e%<ﬁibf 1

gener al - pur pose ansl (PYER), and (sh adSV absorber angy Mé‘gbfsitéblhzﬁ‘-fnt 0
pol yoxymet hyl ene (Japanghe cBﬁfpﬁﬂEmKﬁPbbl?ﬁtthhylene resfiuised fethieon Kokai

composi ] ons. f erdPrgpsii ofthf B HRond: ﬁ?@?*e% nly compRUEE F pnbfin{efe ' ="
di spersi on of5 t heCBaG-Iswugmralunitschtynante %Q’G'Fn ethyleneshomepolymer or and
uni form manner .  &{olyrfér, a@ubﬁee%rmmpa@maumgmw ameents of
structural units other than oxymethylene groups. It can be a linear,
branched, or crosslinked molecular stmcture"' The polyoxymethylene resin
to which this invention is applicable gener y has a number average
10 molecular weight of 10,000-100,000, preferably 20,000-90,000, more
preferably 25,000-70,000. e
The component (b) polymer us:' d'in the compositions of the
present invention is selected from (b)(1) a graft copolymer containing epoxy-
containing olefinic monomer units, (b)(2) a polymer containing oxazoly!
15  groups, and (b)(3) mixtures thereof. -
The component (b)(1) graft copolymcr containing epoxy-
contaJmng olefinic monomer units used in invention are preferably
¢poxy-containing olefinic copolymers grafted with vinyl'polymérs.
] ' ntaining olefinic copolymers
20 include ethylene-glycidyl acrylate ("EGA") copolymers, ethylene-glycidyl
methacrylate ("EGMA”") copolymers. propylene-glycxdyl methacrylate
("PGMA") copolymers, and the like. The glyeldyl methacrylate ("GM") or
glycidyl acrylate ("GA") content in these oopolymers is preferably
_ 1-40 weight percent, most preferably 10-30 welght percent.
25 Vinyl polymers graft-polymenzed onto the above epoxy-
‘ containing olefinic copolymers include polymethyl methacrylate, polyethyl
acrylate, polybutyl acrylate, polyacrylomtnle polystyrene, acrylonitrile-
styrene copolymer, butyl ac:ylate—methyl methacrylate copolymcrs, and the
like.
30 From among the graft copolymers compnsmg the above -
' components, it is particularly preferred to use an ethylene-glycidyl
methacrylate copolymer, graft po_lymenze_d w;th polymethyl methacrylate.
In the component (b)(1) graft copolymer of the present invention.
the preferred ratio of the epoxv-c'ontaininé oléfinic copolymer units to the
35  vinyl polymer units is about 80/20% by wexght - 40/60% by weight. The
‘melt index (JIS K 7210) of the graft copolvmer is preferably about 0.1-20.
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~ degradation of a pol yoxymet hyl ene nol ded article, said surface degradation
- .dependi ng upon the shape of the nolded article subjected to the weathering

‘test’, and the like. 20 : Thus, the present invention is ainmed at
prOV|d|ng a pol yoxynet hyl ene conposi tion which exhibits excellent
weat herability wi t hout significantly adversely affecting the inherent
properties (such as mechani cal4 properties, abrasion-wear
characteristics, fatigue characteristics. and nol dability) of the
pol yoxynethyl ene. It is further aimed at providing a 25 &)I yoxnet hyl ene
conposi tion having mmefpnmculalu #l501416i5-10. yThe graft copolymer can be prepseet b
interior and exter i fRgl QﬂHﬁaﬁ Yoﬁlo%&klﬁﬂe@{nl@ﬁ'aﬁ' ng treatnment
t her eof . bove OE tives-were net b or ating
into a pol yoxymet hy ?16‘”?@%‘?9?‘ %&‘BF@&P“W& X%"% ‘E‘ngﬁ‘?d;e

light 30 stabiliinahe pmgmthnvenmnhmvmybqbdlymeumbymngoxmly&mugmmng

t
orosdl 1 oroupes  olefinic dohbr anfth3REEs MPinkFa SREoRRe SuRFhedRONERIL 2 7, O
The present i nvent i brinyk?-grazelinermetind meshacondete copalymesmsodnyliZzopxazoline-
consi sting essenti aidrylositrileatyréndcdpolytnere; did the dike.( The comehyofithe sedzetyied

from 35 (D)(1) olinfQRatIEHonGRiRt Bhi AnERUpofHEEIs Prifdrdbhy din
0.1-30%, more particularly about 5'20% The molecular weight of these

10 copolymers in terms of a number average molecular weight is preferably
about 30,000-200,000, more pa.mcularly about 50,000-100,000.

The composmon of this i mventxon permits using either graft
copolymers containing epoxy-contammg olefinic monomer units or polymers
containing oxazolyl groups or both. .-

15 The component (¢) UV absorbers and hindered amine light
stabilizers used in the compositions of th:s invention are described below.

~ The UV absorbers which m be used include benzotriazole,
benzophenone, aromatic benzoate, cyano acrylate, and oxalic acid amhde
_ types, and the like. _

20 Such UV absorbers mclude, for example, 2-(2'-hydroxy-5'- -
methylphenyl)-benzotriazole, 2—(2’-hydroxy-3’ S5'-di-t-butylphenyl)
‘benzotriazole, 2-(2'-hydroxy-3' 5'-d1-1_s_oamylphenyl)benzomazole,
2-(2'-hydroxy-3',5* bis(alpha,alpha-di:iaenthylbenzyl)phenyl)benzotriazole
2-(2'-hydroxy-4' -octoxyphenyl)benzomazole, 2,4-dihydroxybenzophenone,

25  2-hydroxy-4-methoxybenzophenone, 2-hydroxy-4-octoxybenzophenone,
2-hydroxy_—4-dodecyloxybenzophenone_, 2,2'-dihydroxy-4-
methoxybenzophenone, 2,2'-dihydroxy-4,4 'édimethoxybenzophenone,
2-hydroxy-4-methoxy-5-sulfobenzophenone; 2-hydroxy-4-oxybenzyl-
benzophenone, p-t-butylphenyl salicylate, p-octylphenyl salicylate,

30 2-ethylhexyl-2-cyano-3,3 '-dxphenylacrylate, ethyl-2-cyano-3,3'-diphenyl-
acrylate, N-(2-ethylphenyl)—N'-(2-ethoxy-5-t-butylphenoxy) oxali acid
diamide, N-(2-ethylphenyl)-N '-(2-ethoxyphenyl)oxahc acid diamide, and the
like. From among these UV absorbers, a benzotnazole type is particularly
preferred ' ;

35
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3 - (b)(2) a.polyner containing oxazolyl groups, and (b)(3) m xtures of

(b) (1) and (b)(2), and (c) a WV absorber and/or hindered am ne Il.ight
~stabilizerz: 7= The conponent (a) ‘pol yoxymet hyl ene resin used
in the conposition of this invention is a polynmer mainly conposed of
oxynet hyl ene 5 (-CHerr]O) structural units. It may be an oxynet hyl ene
honmopol yner or copol yner, terpolgner, or block copol yner contai ning
smal | amounts of structural units other ‘than oxymethyl ene groups. It
can be a linear, . branched, or crosslinked nolecul ar structure. The

pol yoxyiret hyl ene resin The prefemdmlmddmsfthevﬂﬁtabsmrbesaodqdlperaboeageberaI |y

has a nunber aver fiiil bl
20, 000- 90, 000, m?’g&h}gf‘mgz’é@%g‘{h i g i e 101k B RRiBRG Y Y
conhponent . (b) pol measep Wff%o n’p%ﬁﬁ‘#bﬁh‘é{e@tthe present
invention is selected frdhe(tinderkd amihelightceadilizereused dmilds invegticrpavey -

t ai ni | lyl 15 -
s 29”5 ( SprefPaBbasin nhpd Bpe T h"sm&? “&9%““'%%’2%?0(%)(1)
graft copol yrmer céretame ﬂglmm;@me,&stearoﬂgm: ___:ﬁ'nt}trémthymlbe mer units

4-cyclohexyloxy-2,2,6 &temethylpxpendme, 4-phenoxy-2,2,6,

10 6-tetramethylpiperdine, 4-benzyloxy-2,2,6,6-tetramethylp1pendme
4-(phenylcarbamoyloxy)-2,2,6 6-tetra.methylp1pendme, bis(2,2,6,
6-tetramethyl-4-piperidyl)oxalate, bls(2,2,6 6-tetramethyl-4-
plpendyl)malonate. bis(2.2,6. 6-tetramethyl-4-p1pendyl)adxpate. bis(2,2,6,
6-tetramethyl-4~p1pendyl)sebaeate, bis( 1,2,2,6 6-pentamethyl-

15 pxpendyl)sebacate, bis(2,2,6, 6-tetramethyl-4-pxpendyl)terephthalate

. 1,2-bis(2,2,6, 6-tetramethyl—4-p1pendyloxy)ethane, 1,2-bis(2,2,2,6-tetramethyl-
4-piperidy)hexamethylene-1, 6-dicarbamate, bis(1-methyl-2,2,6,
64enannnhyb4qnpendynadqxne,unK
4-piperidyl)benzene-1,3,5-tricarboxylate, an

20 -The preferred amount of the light stabilizer added per 100 parts
by weight of polyoxymethylene resin is in the range of 0.1-10 parts by weight,
preferably from 0.15-1.5 parts by weight

- The UV absorber and hxndered amme light stabilizer may be
added singly or in a mixture of two ore more, preferably using both a UV

25  absorber and a hindered amine light stabilizer for synergistically improved
weathering resistance.

The general amounts of the oomponents in the polyoxymethylene
~ resin composition of the present invention are as follows:
0.1-30% by weight of the component (b).-_pol_y_mer and 0.01-5% by weight of

30 the component (c) absorber/stabilizer, with said weight percent being based
upon 100 parts by weight of the cOmponent (a) polyoxymethylene. However.
it is noted that the amount of the component (b) graft copolymer or

. oxazolyl-group polymer may be outside of the range gwen above, depending
upon the number of moles of epoxy or o_:gazol__yl groups per unit weight of

35 said component (b) graft copolymer or o');ca_zol'yl-containinngolymer,
respectively. i
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epoxy-containing.ol efinic copolymers grafted with vinyl polyners.

Specific exappl es of the epoxy- containing olefinic copolymers 20 . include
et ‘hyl ene-gl yci dyI acrylate ("EGA") copol ynmers, ethylene-glycidyl '

nmet hacryl ate ("EGVA") copol yners, propyl ene-glycidyl nethacrylate :
("PGWA") copolyners, and the |ike. The glycidyl nethacrylate ("GM') or
glycidyl acrylate ("GA") content ir @hese copolyners is preferably

1-40 wei ght percent, nost preferably 10-30 wei-ght percent. 25

Vinyl polyners graft-polyaerized onto the above epox cont ai ni ng
ol efi ni ¢ copol yners i ncl uﬁg éﬁ' le Y Pé’g ﬁ??&W"‘m“m

acryl ate, polybut ydepanding apen ﬂmﬁgp&umbmrmﬁmwquﬁrﬂoyptmdmg&needed
acrylonitrile- WropeﬁEXrﬁwmg%g%mﬁ%é’}anﬁgb h@ztfdvﬂﬁte emggﬁ,er ylate

copolynmers, and t

ro
copol ymers conpri s ef&%wemn» knowp gdditives such as g]f'%t °6-°t1| arly
preferred to use dubsitdms, anclegtipragbnts, mold releasetagems, dntiswtic agerty, sarfacegr af t

pol ymeri zéd with t he
conponent (b) (1) gwggéo lxﬂ%&ﬁ ka'ﬁé dr%gaen 9% stalnglpgmélﬂs t he
preferred ratio of the ep 9?91'!% n@mmmmmyﬁ@smmm%h?e 35
vinyl polyner unitgal ptodesbas kaiowalin thelfrt Futh by, fuetahiple, The
mel t index (JI'S K 43 tdl&&?&i}m%&@&%&poﬁe&&%ﬁ&?@&Xyﬁ‘ﬂﬁx‘&nﬁmﬁgzo
10 and extrudmg from a single screw ortwmsc_rewextmder to generate pellets.
Molded articles from the composmon of this invention can be
prepared by subjecting the resultant composmons as above to conventional

molding methods, such as, for example.f i "'jecuon molding, extrusion,
compression molding, and the like. " | '
15 ** The polyoxymethylene resin comipositions of this invention can be

favorably used in molded articles in eve_,_ _"'area which requires weathering
resistance, especially as in automotive mtenor and exterior parts, electrical
appliances, office machines, and the like.: Smce the compositions are
excellent in weathering resistance, shaped arncles which heretofore required

20  asurface treatment such as painting or plaung or the hke, no longer require
any surface treatment. -

The present invention is further descnbed by the following
- Examples and Control Exaniples, but the scope of this invention is not
25 limited to these Examples. it
The methods of evaluating weatherabxhty, measuring mechanical
‘ properties, and evaluating heat stabxhty used in the Examples and Control
Examples are described below. S
30 Evaluation. EW herabili
A test piéce (75 cm x 125 cm x 8mrh) was tested in a Sunshine
weatherometer (Suga Shikenki Company) byiexposing it to carbon arc light
for 1,000 hours under conditions of a black paincl temperature of 83°C and
distilled water spray/drying cycles (18 mmute/ 112 minute cycles), so as to
35  permit observing the way chalking and crazmg occurred and to measure anv
change in the color phase after 1,000 hours
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4 . more particularly about 0.5-10. The graft copol ymer can be
prepared by . t echni ques readily available to those skilled, |n the art.
The ‘conponent (b)(2) pol yners contai ni ng oxazol yl groups uséd” =" in'the
" present invention are vinyl polyners containing oxazolyl-containing 5

ol efinic monomer units, such as 2-vinyl-2-oxazoline-styrene copol yners,
2-vinyl - 2- oxazol i ne- et hyl net hacryl aje copol yners, 2-vinyl -2-oxazol i ne-
acrylonitrile-styrene copolyners, and the like. The content of the

oxazol yl - ' contai ni ng ol efinic nononer units in these copolyners is
pref er abl y about 0?0 reptial(dE] was mpaswred adunter-dabdalorimeter

nol ecul ar wei ght(]gjsmy\pgg.g;gfvmeWSzmgs |n___terms of a nunber average

nol ecul ar wei ght is preferably,. ,
particul arly about 50, 000- 100, 06%. T
invention pernits usi nghtmetesgmetestedfor f WQPQI&RS agcardiag to the

epoxy- cont ai ry ngfdtioeﬁﬁmetumaomsmssﬁfo@&e&ﬂbx' and elorgatib®afihed

oxazol yl groups MB@%{P%‘“&@ CO%.-.h %Slé)\%?‘gsge&;ﬁaﬁhand

hi nder ed am ne I _
i nvention are dennpadwalubel OW. .~ The UV absorbers whi ch can

“be used include benzotriazole, mﬂwum
A 2 g pellet sample was placed m a heat resistant glass tube and
10  heated for 30 minutes at 250°C under a mtrogen blanket. The loss of weight
resulting from the decomposition of the polyoxymethylene was measured
and the ratio (T), described below, was reported as percent by weight. T
was used as a measure for the heat smbthty of a polyoxymethylene resin
: composition.
15 _ = 100 x (W - wz)/wl
W1 = Original Wetght (g) ,
W, = Wexght After Heat Treatment (g)

onposi tion of this

The followmg components wer used in the Examples and
20 Control Examples:
~ Polyoxymethylene (2): an oxymethylene homopolymer havmg a melt index
of 6.2g/10 mmutes and containing 0.3 weight
percent anno:ndam, 05 weight percent thermal
stabilizer, and 0.5 wexght percent lubricant;
25  Carbon black: a melt mix of 33 parts by welght of carbon black and 67 parts .
by weight of polyethylenei o
Polymer Additives:
X1: An ethylene-glyctdyl methacrylate copolymer (EGMA) grafted
with acrylonitrile-styrene copolymer (AS) (glycidyl methacrylate
30 _ content 10.5%, EGMA/AS = =70 30 Nippon Yushi KK ;
tradename: "Modeipar 4400"); ...
X2: An ethylene-glycidyl methacrylate copolymer (EGMA) grafted
with polymethyl methacrylate (PMMA) (glycidyl methacrylate
_ content 10:5%, EGMA/PMMA 70/30 Nippon Yushi K.K.;
35 tradename: "Modexpar 4200m;
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benzophenone, aronatic benzoate, cyano acrylate, and okalic acid anilide

types, and the like. 20 Such WV absorbersinclude, for exanpl.e,
'2: (2" - hydroxy:5' -~ met hyl phenyl ) - benzotri azol e,
2-(2'-hydroxy-3',5"-di-t-butyl phenyl) “benotri azol e,

2-(2'-hydroxy-3',5'-di-isoanylphenyl)benzotriazole,

2-(2' -hydroxy-3',5"-bis(al pha, al pha- @ nent hyl'benzyl ) phenyl ) benzotri azol e.

2- (2' - hydroxy-4'-octoxyphenyl )benzotriazol e, :2;4-di hydr oxybenzophenone, 25
2- hydr oxy- 4- met hoxybenzophenone, 2- hydr oxy- 4- octoxybenzophenone

2- hydr oxy- 4- dodecyb/@xyben prveansralycrdyl meshagrylate.cppalymer grafted with an

: 'fgybenzophenone

rre';]hgxybezophenﬁne 2, 2! l?ﬂ oHitrilg-séréne €t
2 4 '5

bengo:oﬁ)e(%onermt Oxé%t?ylsghéﬁgﬁ%gp *’?@19“@ - eﬁ;&l{_: @%xgﬁi%%lg:;:ﬂ' 3|0
k\&%m € eny

2- et hyl hexyl - 2- cyano- 3, 3' -240xsmeline Nmpn
acrylate, N (2-gthyl phenyl"RpN{1§05")e thoxy 5 t- butyl phenoxy) oxali acid

[ ke, From among T AeSe. D/ABE ‘a&ﬁ@?«é‘“‘) T
preferred.. 35 2-oxazoline content 5%, prpon Shokubal K.K. tradename:
' "RAS1005");
Y1: An acrylonitrile-styrene copolymer (Mxtsm Toatsu Kagaku;
10 tradename: "Nartak 120P"),':'_
Y2: A polymethyl methacrylate_;;:
' "Elvacite 2013"); :
Y: A polymethyl methacrylate: (Du Pont Company; tradename:
"Elvacite 2016");
15 Y4 A linear low density polyethylene (LLDPE) grafted with
‘polymethyl methacrylate (PMMA) (LLDPE/PMMA = 70/30;
Nippon Yushi K.K.; tradename ‘"Modeipar 12007);

‘fﬁ

'_u- Pont Company; tradename:

YS: An ethylene-vinyl acetate copolymer (EVAc) grafted with an
' acrylonitrile-styrene eopolymer (AS) (EVAC/AS = 70/30;
20 Nippon Yushi KK; tradenax__n,,__ : "'Modelpar A6400")

A mixture of 11.85 kg of polyoxymethvlene homopolymer (a),36¢g
of a UV absorber (Ciba Geigy Companv, tradename "Tinuvin 234"), 36 g of
a light stabilizer (Ciba Geigy Company, tradename "Tinuvin 622"), 72 g of

25  cdrbon black, and 600 g of polymer addmve X1 was mixed in a Henshel

' mixer and melt mixed in a 35 mm twm screw extruder to give a
polyoxymethylene resin composition in pellet form. Dumbbell test pieces
and slabs were molded from these pellets by an injection molding machine
for use in evaluating the weathering resxstance and other properties. Iah]_g_

30 lists the results of the evaluation of weathenng resistance. Table 2 lists the
‘mechanical properties and heat stability.”

The composition of E&mpLe_l showed no crazing on the surface

after 1.000 hour exposure to a carbon arc 1rrad1anon It was only after about
800 hours of irradiation when chalkmg in wh:ch the surface became

35  whitened was significantly visible. Heat stabxluv was also good and
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5 . The preferred amount of the UV absorbgr added per 100
parts. by .wei ght of the pol yoxynethylene resinis in the range 0..1-10
_parts by melght nore particularly fromO0:.15-1.5 parts by wei ght.

The hindered am ne |ight stabilizers used in this invention are 5
preferably hindered amne type |ight stabilizers, such as 4-acetoxy-2, 2,6,
6-tetranet hyl pi peridi ne, 4-stearoyl oxy-2, 2,6, 6-tetranethyl pi peridi ne,
4-acryl oxy-2, 2, 6, 6- tetranethyl pipeﬂaﬁ ne, 4-methoxy-2,2,6,

6- tetranethylplperldl 4- benzoyl oxy: 6- tetranethyl

4-cycl ohexyl oxy- mechagical pw&r@twﬁwélebﬁlh@wea%ﬂ#e%wog’%ﬂ yighe

6- tetranethylplmmmmmmhmukbenzyloxy 2,2,6, 6-tetramnet hyl pi peridi ne,

4- (phenylcarba , 2,6, 6- tetranethylplperldlne bis(2, 2,6,
6tetrarrethy| I)oxalate bls(2266tetrarrethl- 4-"

pi peri dyl ) mal onate, bi s wasrapsatediexrepi for 1ep calﬂ%ap}meéadémyez 2.6,
'6-t et r anet hyls 4- pil peed ByElaaeplaqavith Xit6 pieparéa Polyopanéthylend ydsin 15

D B S0 5 ooy i L BRRL e b PP

1, 2-bi s(2, 2, 2, 6- that pEExample.1 for evaluating the weathenng resistance and other

C

4- pi peri dyl glbenzgﬁg 1 C?‘é“kg'mf e%f'ﬁggggygtab’my

There was no surface crazing or chalkmg after a 1,000-hour
_exposure to a carbon arc irradiation, mthﬁfuqher improvement in
weatherability compared to Example 1. 'Dié'_"color differential was only 1.8
even after 1,000 hours of irradiation with’ essentxally no change in color. The
properties of polyoxymethylene were sattsfactonly maintained as in the case .
15  of Example 1 for mechanical properties an heat stability.

Example 2 was repeated except: for replacmg the polymer additive
X2 with polymer additives X3, X4, and X5 o,prepare polyoxymethylene
resin compositions which were used to measure weathering resistance, -

20 mechanical properties, and heat stability, as in the case of Example 2. These
data are shown in Tables ] and 2. All the "mpomnons showed excellent

‘weathering resistance and exhibited good echamml properties and heat
~ stability. .
Lontrol Example 1 .

25 Example 1 was repeated to preparea polyoxymethylene resin
composition except for not adding any o'f-‘:_t”he— polymer additives, UV
absorbers, or light stabilizers. The test pieces from this composition were
used to evaluate weathering resistance and other properties, as in the case of
Examples 1-5. Table 3 lists the results of- measunng the weathering

30 resistance; Table 4 shows the mechanical propemes and heat stability.

The composition of qul_ﬁxamm_l containing no UV
absorber, light stabilizer, or polymer addmve showed considerably inferior
weathering resistance, giving crazing and chalkmg on the surface within one
short hour of carbon arc irradiation. |

35
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20 ' The preferred amount of the Iight stabilizer added per 100

‘parts’ by wei ght of polyoxynethylene resinis in the range of 0.1-10
‘parts by melght preferably fromO0.15-1.5 parts by weight.
The UV absorber and hindered anine |ight stabilizer may be added

singly or in a mxture of two ore nore, preferably using both a UV 25
absorber and a hindered am ne light stabil.izer for synergistically inproved .
weat heri ng resi stance. 10" The general anounts of the

conponents in the:g Hxﬁmat Wi ene resi’n conposition ofthe present
“invention are as 0.1-30% by--wei ght of the conponent (b)
pol ymer and 0. 01-5% by weh@olyosymetbglene résin campasition wisprepared by adding to

e bl i o o o 12
e noted that t he GARRAM: BROGHRES, o q?aﬁggbpt\éﬂ?eroqﬁba

~oxazol yl - gr oups polGeigy- Compahy: tradenamie, 'ﬂinmmgﬁesgpmes ummmuupﬁmm ng
upon t he nunber of gp‘ln??o iﬁaﬂﬁe ?alﬁﬁbght of 35
sai d conponent (b) gra copoly mar or oxazo % £
respectivel y. wea enngresnstanccando erprop the. results o
‘evaluating weathering resistance; and_'[ahlgg shows the mechanical
properties and heat stability. Weatherabxhty substantially improved
10 compared to Control Example 1, but there_was significant discoloration after
1,000 hours of long-term irradiation. :
Control Examples 3-7
Polyoxymethylene resin composmon were prepared by adding
600 g each of the polymer additives, Y1, Y2, and Y3, respectively, to the
15  composition of ngr_QLExampk_l The test pieces prepared from these
compositions in 2 manner similar to that of Examnlg_l were tested for
weathering resistance and other properues Iahlg_} lists the results of
. evaluating the weathering resistance; Iah!gj shows the mechanical
properties and heat stability. R
20 Adding an acxylomtrﬂe—styrene copolymer (Control Example 3)
was effective for suppressing chalking or craze-formanon at the initial period
of irradiation, but there was substannal whltémng after 1,000 hours of
madlanon
Incorporanon of polymethyl methacrylate asa polymer additive
25  (Control Exampies 4 and 5) exhibited substanual improvement in
- weathering resistance, slowing the time for chalkmg or craze formation, but
these compositions were deficient in that the way chalking occurred was
nonuniform on the test piece surfaces and the .composition exhibited a
rather substantial decreased in heat stabxhty

30

35
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6 .
I nvention,

_ piovi di ng” needed

. The pol yoxynet hyl ene resin compositions of this

adversely affecting the
such as heat stabilizers,

agent s,

‘properties,

antistatic agents,

5
surface

and a variety of dyes and pignents.

conppsitions of this invention can bél
known in the art,

m xi ng the conponents, followed by further mxing 10

such as,

may | ncor porate,
obj ective of this invention,
| ubri cants,

r eadi

. dependi ng upon the applications and objectives for

nucl eati ng agents,
active agents,

wi thin the range of not
known additives
nol d rel ease
I norganic fillers,

The pol yonet hyl ene resin

Iy

prepared by processes

for exanpl e,

t-horoughly and uniforny

_ and extruding froma
single screw or twin screw extruder to generate pellets. "
Mbl ded articles fromthe conpositions

is invention can be

h
prepared by subjecting the requtant'cgbéébjiJans as above to conventi onal

mol di ng methods, _such as. for exanple iniection nplding extrysion
conpressi on nolldi ng, fnd the}like. %1 The pol yoxyngt Kploene
resin conposi t if diampl¢ | Pplyoxy-i hbelymer ¢ Chalking\i o %28 s ¢ Pilferenmo| ded
articles in everylareh r afigey) —(h) | Eommation, i, il
especially as ifn autopotive Jnterid ‘or partg, electtical
appl i ances, offic na:hipgs, ang, t H &l t D80t INPRSLL | PNSggr €
excel l ent in wgat heri hg si ptance, es whiljch herefofore
required 20 & surfage treafnent s hg or plating er the {ike,
no | onger requilre 2 (a) X2 inuvin® Tinuvin® | > 1000 None 18
3 (a) x3 nuvin®| Tinwin®| >800 |  Nome 9
4 (@ X4 A inuvin® | > 1000 None 54
5 (@ X5 nuvis 1 >'1000 None 36
TABLE? -
Tensile Elor_x_:'g;ﬁ_oﬁ at] Fiexural Izod Impact
Example Heat Strength the Break Modulus Value
~No. | swbily | Ge/emd) | (B | Oelm) | Geem/em)
1 019 672 25 | 2730 43
2 056 670 -fﬁf} 27,300 49
3 0.58 701 68" 21,200 46
4 0.64 693 30,100 51
5 0.22 688. 29.800 58
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any surface treatnment. EXAMPLES The priesent invention is

furthér described by the follow ng Exanpl es ahd Control Exanples, but
the-scope of “thi's invention is not 25 linmted to these Exanples.

Test Met hods - The net hods of evaluating weatherability,
measuri ng mechani cal properties,l2and evaluating heat stability used
i n the Exanpl es and Contr ol Exanpl es are descri bed below. 30

A test piece (75 cmx 125 cmx 8nm was tested in a Sunshine
weat her onet er (Suga Shi kenki Conpany) by exposing it to carbon arc |ight
for 1,000 hours under conditions of a black panel tenperature of 83[err]C

and distilled water spray/drying cM:AEiIL&S m nute/ 112 m nute
cycles), so as to 35 permt obserV|ng the may chalklng and cra2|ng
occurr ed and to n aebtol 1Y ctremge—1Tm] DUCWEI eol&"')
hO‘%r S. : .| Example | Polyoxy- | Polymer | UV i Formatior] Differen-
c (2) None | Nomc |.’None 200 350 339
I (3 | Nooe | Tiouvin®| Timwvine| 400 | 800 15
' 24. |62 .
C3 (2) Y1 Tinuvin® _.Tmlmn‘ 500 800 286
B4 | 62 | |
c4 @ Y2 | Tiouvio® | Tinwine| =700 | Noe | 155
24 |62
cs @ | Y3 | Tiovin®| Tinuwine| 400 Nome | 300 .
6 @ | Y4 | Tiouvin®| Tinwvine| s00 | 800 295
. 34 _ 622 .
(or] (® | Y5 | Tinuvio®] Tinwvin®| 400 - 600 2.4
- 4 | e

Control | Flexural Izod Impact

Example Heat Modulus | Value
ca 008 28300 56
2 012 31,200 62
a 0.17 3i.300 58
c4. 190 B40 | 56
cs 151 28,600 52
C6 1.26 28,300 6.2
1) 1.68 29,200 6.0
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7 .Color differential (dE) was neasured a jHunter-Lab
Cal ori met er . (D25M D25-9) by net hod Ji 828729 S ——
. Measurenent of Mechanical Properties: Test p| ‘eces were tested
for nmechanical properties according to3the 5 follow ng“nmShderIhBeeﬂ%
for tensile strength and el ongation at the br eak, AS
~flexural nodul us, and ASTM 0256 for notched Izod
Eval uation of Heat Stability A 2 g pel I et sanp e vvas pl aced

in a heat resistant glass- tube and 10 for 30 mnutes at 250[err]C
nder a nitrogen bl anket. The | oss of resulting fromthe
conposi tion of the polyommpmmmmsmmﬁyof and the ratio (T),

dyscri bed bel ow, was reporF da 29 leﬁé’ weight. T was used as a

asure for the heat stabi nethyl epe resjin
conposition. 15 (b) ' 815 Owelgl?t er nto?%_@ E’“{W@Fﬁf‘iﬁq}?err] Y/ Werr]

Werr] = Origsnal Wight (g) (bX1) agraftedcopolymcrcomammghﬁmnyrcpnmﬂﬂgght
After Heat Treatnent (g) Conponent s
The foll owi ng components were used leﬁm%mog?(mer gs and_20 Cong r ol

Exanpl es: b)2) a polymer contalnn__lg oxazolyl groups, and
| (b)(3) mixtures of (b)(1) and (b)(2), and
"(c) 0.01-5 weight percent of a compound selected from UV
10 absorbers, hindered aiij_i’r_;ezilight stabilizers; and mixtures
~ thereof,
with the weight percent ranges being bascd upon 100 parts by weight of the
polyoxymethyiene.
2. The composition of Claim 1 ¥i_ri§erein the component (a)
15 polyoxymethylene is a homopolymer.

3. The composmon of Claim 1 wherem the component (a)
polyoxymethylenc is a copolymer. :

4. The composition of Claim l wherem the component (b)(1)
polymer is an epoxy-containing oleﬁmc copolymer grafted with a vinyl

20 polymer.

5. The composition of Claim 4wherem the epoxy-containing
olefinic copolymer is selected from ethylene glycidyl acrylate copolymers,
ethylene-glycldyl methacrylate copolymers, and propylene-giycidy!
methacrylate copolymers, o

. 25 6. The composition of Claim « wherem the vinyl polymer is
selected from polymethyl methacrylate, polyethyl acrylate, polybutyl
acrylate, polyacrylonitrile, polystyrene, acrylomtnlc-styrene copolymer, and

" butyl acrylate-methyl methacrylate.
7. The composition of Claim 1 wherem the componem (b)(2)
30 polymer is a vinyl polymer containing oxazolyl-contammg olefinic monomer
units. . PP

8. The composition of Claim 7 wl_:}_rein the componcnt (b)(2) is
selected from 2-vinyl-2-oxazoline-styrenc:"6op61ymers, 2-vinyl-2-oxazoline-
methyl methacrylate copolymers, and 2-vmy1-2-oxazohne-acrylomtnle-

35  styrene copolymers

M




.Pol yoxynet hyl ene (a): an oxynethyl ene honopol ymer having a nelt index
: of 62 g/10 m nutes and containing 0.3 weight ' :
‘spercent antioxidant, 0.5 weight. percent thernal

~stabilizer, and 0.5 wei ght per ceni | ubricant; 25 Carbon bl ack a nmelt mx
of 33 parts by weight of carbon b 4ck and 67 parts by
wei ght of polyethyl ene; Pol ymer Addi t-i ves: X1: An :
et hyl ene-gl yci dyl nethacryl ate copol yner (EGVA) grafted

with acrylonitrile-st rene ol yrer, (A cid t hacryl at e

cont ent )1/0 5% EGW A)é gco%pmgg q{,g%pmy It er cons1stxng %/ssemxallv o? at

tradenane: "Modei jexst dHOOE l)eat stabﬂxzers}@bncants,&uchetﬁug agenty motd dqlbase

nmet hacryl at e copoly
met hacryl ate (Pl\/l\/l&f g’l#@%% gre%iasg{r% f'/'fe a%cuve agents, morgamWfﬁlQrsOﬁ#%Qb 10 5%

EGW PMWA = 70/ SOPIWWM Yushi K K ; 35 tradenane: " Mbdei par
4200"): 5 S

10

15

N IIIIIH W

This Sheet Has Been Reﬂ

20

30

35

S ____.___——-

HIIlIlI IIIIII i ||||I II III\




.

8 X3: A.styrene-glycidyl nethacrylate copolyner grafted with an ~
acrylonltrlle styrene copol yner; X4: A 2-vinyl -2- OvaOV;Mﬁx et hyl ~~
met hacyl at e copol ymer (2-vinyl - 2- oxazol i ne cont $¢#ﬁ

Ni ppon Shokubai t r adenaWeRLD IGTELLECTUAL PROPERTY ORGARRMIIOR5" ) ; h >, A

2-vi ny- 2- oxazol i'ne<acryl onitril e-styr EFEEBFE™mer (2-vi nyl -

2-oxazol i MMHONAS%PPMWQONmm}mn YNBER mmmﬂemmecoopsmnore TREATY (PCT)

Fa¥ =S 1RY

"RAS1Q
Kagakd;
nmet had
Y3:

80 Jtermacional Pukit Qassiieaten 53 ¥\ 1 mw“ Tt PoaRcapog Nambers o1 WAT S9TO510;
ryl @08K §34355413, S(34p8ny; trade 14’*‘9 [ (43) lnternatlonal Publlmtlon pateE! VaCisthEarch4993 (15.:03.93
- A polynethyl nethacrylate (Du _Pont Conpany:. tradenane:

"El vag
graftgq
70/ 30;
Y5:

actyl g
Yushi
m xt un

&&&ﬁéle styrene copolyner (AS) (EVAC
| Sobigdienane: | W&lb@.ﬁﬁﬂ?ﬁ%@@l )) 1P

i;e 201?"%3‘%Fti gdie' A Iinea%7l den5|t Iene LLDPELd P

asiona cation Numoer: u ron’

20\ nerp PP pol RS9y face d? Namou %gﬂz. atent ecords Cen
r adqaa:% Mar. i lm 5 DE E 19898 (US).

r (EVAC) grafted with an

(22) International Filing Date: Ni p @@&teﬂﬂéh#ﬂ 69 Go. 92)
&5 D:%'zlo %8! CA, KR, RU, US NuPB37 paen

An et hyl ene-vi nyl acetate copoly
DK, ES, FR, GB GR, IE, U

e of 11.85 kg of polyoxnethyl ene poluma sa 36 g
(71) Applicant (for all designated States except US): E.J. DU
PONT DE NEMOURS AND COMPANY [US/USJ; Published

1007 Market Street, Wilmington, DE_ 19898 (US). . W‘lh international search report.

{72) Inventors; and

(75) Inventors/Applicants (for US only) : KOBAYASHI, Toshika-
zu [JP/US]; 530 Beech Tree Lane, Hockessin, DE 19707 -
(US). SHINOHARA, Ken-ichi [IP/JP]; 4-6-19, Eda-Hi- |
gashi, Midori-ku, Yokohama-shi, Kanagawa 225 (JP). -

(54) Title: POLYOXYMETHYLENE RESIN COMPOSITION

(ST) Abstract

The present invention is aimed at improving the weathering resistance of a polyoxymethylene resin without adversely af-
fecting its excellent mechanical properties. The invention comprises mcorporatmg into polyoxymethylene a UV absorber and/of
a light stabilizer, along with a grafted copolymer containing epoxy-contammg olefinic monomer units and/or a polymer contain-
ing oxazolyi groups. - :

This Sheet Has Been Re!ilaced

L




QUerzSS-F Ttes

ey Compai; pFauuin 234"), 36 g of
: &%ﬁ %’mﬁ‘h@%

_ of a WV absorber (G ba Gei r

a light stabilizer (Cba Géi @nk . 'S8 nuvi n 622"), 72 g of
25 carbon bl ack, and 606 @fan\%g ynjs?agg drt@v@gﬁi Bas m xed in a Henshel
' ' % ' 1c‘?stzl? éxttpupngedta dive a

m xer and nelt mxed in a
Ragpd .. ftorpagedunbtel | test pieces
ﬁ‘étl | etRR&Rd-Rartoipagedti.01) nol di ng machine
t her| ng repi stance and othgr properties. Table

and sl abs were nolded fro
for use in evaluating the

1 30 lists the results of PHEECQH RECEIT O.f‘?!ﬁﬁ@.ﬁ.he“ ng resistance. Table
2 lists the mechani cal proper tips x fabidity.

The conposition of Exarrﬁl e 1 showed r i I ng_on the surface after
1. 000 hour exposure tRO '

REMNHFOMEO W%Iy after about

800 hours of irradi ati on when cha ch the surface becane 35

BACKGROUND
whi tened was si gni 1 $R0b] e ibdtefon fefiths ' pRRrnenifehe RG réfRda
S to herein as polyacetal) resin compositions having improved weatherability.
Polyacetal resin is manufactured by polymerizing a mostly
formaldehyde monomer or a formaldehyde trimer (trioxane). Acetal
homopolymer is a homopolymer of formaldehyde (for example, Delrin®,
manufactured by the Du Pont Company). Acetal copolymer is obtained by
10 copolymerizing ethylene oxide with formaldehyde (for example, Duracon®,
manufactured by the Celanese Company). Polyacetal is well known in the
art. .
Polyoxymethylene resin, because of its high mechanical strength,
excellent abrasion resistance, fatigue resistance, moldability, and the like, is
15 extensively used, for example, in electrical and electronic applications,
automotive applications, and precision machine applications.

However, conventional polyoxymethylene resin is deficient in that
it may not exhibit sufficient weathering resistance, for example, when it is
exposed to sunlight for a long period of time. This deficiency in weathering

20  resistance occurs because the main chains near the surface of the
polyoxymethylene can be cleaved by light energy, thereby resultingina
phenomenon called “chalking”, "Chalking" results in the generation of a fine
white powder on the surface of molded polyoxymethylene articles. This
“chalking” adversely affects the appearance, as well as the mechanical

25  strength, of the molded article. As sixch, it is desirous to enhance the
weathering resistance of polyoxymethylene compositions, especially when
the end product is targeted for automotive exterior and interior applications.

Past attempts to improve upon the weatherability of
polyoxymethylene compositions have included, for example, use of a

30 benzophenone or benzotriazole type UV absorber, incorporating such a UV
absorber together with a hindered amine type light stabilizer, and plating or
painting the surface of a polyoxymethylene molded article. However, it has
been found that incorporation of small amounts of a UV absorber or light
stabilizer into the polyoxymethylene yields unsatisfactory improvements in

35 the weatherability of the polyoxymethylene, while incorporation of large
amounts of a UV absorber or light stabilizer deteriorates the heat stability,

This is the replacement sheet
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mechani cal properties were only slightly Iower than for a pol yoxymnet hyl ene

honopol yner . Exanple 2 Exanpl e 1 was repeated except
for replacing the polyner additive 5 X1 used i-n Exanple 1 with X2 to
prepare a pol yethyl ene resin conposition fromwhich test pieces were
prepared in a manner simlar to that of Exanple 1 for evaluating the
weat hering resistance and ot her operties. Table 1. lists the results
of the eval uation of weatherlng r'esi stance. Table 2 lists the

mechani cal pro er was no
surface cra2| 'Ecﬁaf‘ﬂj [Végbs %t)?&E@%é&t@%‘?}yoxymethy}eenﬁoé&@@fv%% a carbon
arc irradiati smh amoenamm Otbmmmibﬂmﬁ.lfﬂmﬁéﬁﬁlmﬂ‘abl ity conpared
to Exanple 1.¢ tiElEWidxCEth pRlydRiThéthyléas, e:rahuaﬂyaeedto meemﬁbea&ﬂ:aé 1, 000
hour s of |rrad|a|on th essentlall B col or. l

properties ofP %P?&V&Fﬂ?%ﬂgr‘?ﬁ& gd L%’B r‘Yl?'g\’ %‘ﬁ'ﬁ“é ﬁ%"d as in the
case 15 f Hesirguseofapositionechani cal propertles and heat stability.
Exanpl e 2 was repeat g be z ity Ve X2
R Tt m o e o e

resin conposi ance, 20
mechani cal prmmmommwmdmvmemmmm&eof Exanpl e 2.

These d bI es 1 and 2. Al the conpositions showed
excel | ent ?)toﬁ' ﬁﬁﬁﬁpl ng reS| st ance and exhi bi ted good nechani cal

propertie¥®and heat Ihe prigf agimethgds for improvingiweatharabilip) ipvalve
blending a better weathering general-purpose’ polymer. suchasa
polymethacrylate ester, into polyoxymethylene (J apanese Patent Application
Publication Kokai 1-138258, Kokai 2-2904352, and Kokai 2-180951).
However, the resultant compositions tend to suffer from difficulties in

15 maintaining the dispersion of the polymethyl. methactylate ester in a stable
and uniform manner. Such difficulties can cause nonuniform surface
degradauon of a polyoxymethylene molded amcle. said surface degradation
depending upon the shape of the molded article. subjected to the weathering
test, and the like.

20 Thus, the present invention is aimed at providing a.
polyoxymethylene composition which exhib:ts excellent weatherability
without significantly adversely affecting the mherent properties (such as
mechanical properties, abrasion-wear characteristics, fatigue characteristics.
and moldability) of the polyoxymethylene, It is further aimed at providing a

25 polyoxymethylene composition having uniform weatherablhty which can be

used in interior and exterior parts without any planng or painting treatment
thereof.

The above objectives were met by ineorporanng intoa
polyoxymethylene resin 2 UV absorber. and/or hmdered amine light
30  stabilizer together with a graft copolymer containir
olefinic monomer units and/or 2 polymer co

The present invention relates to a polyoxymethylene composition
consisting essentially of (a) a polyoxyme;hyl_e ne, (b) a polymer selected from
35 (b)(1) graft copolymers containing epoxy-coniai{ﬁng olefin monomer units.
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.25 Exanple 1 was repeated to prepare a pol yoxynet hyl ene resin
conposition except for not adding any of the polyner additives, W

absorbers, or light stabilizers. The test pieces fromthis conposition

wer e used to eval uate weat hering resistance and ot her properties, as

in the case of Exanpl es 1-5. Table 3 lists the results of neasuring

the weathering 30 resi stance; Table 4 shows the nechani cal properties

and heat stability. The conposition of Control Exanple 1

contai ning no W absorber, light stabilizer, or polyner additive
showed considerably inferior weat heri ng (r‘55| st ance, | ving crazing
and chal ki ng (bX2) meolarereantainingjoxazaly groups, and;(n(3) WC-‘O? ®Xtdon arc

IO{)r adi F‘t :Egn al'iﬁl (b)(2), and (c) a UV absorber and/or hmdered amine light stabilizer. 10
ntro anpl e ﬂpﬁ conposi ti on was
@5 3&%@“ le 1, 36 g of a

prepared by adding, tg'hecompogﬁnt(é%ﬁ%lgy .| orr Qr
WV absor ber (@W th:smvenuomsapolymer mamly composed of oxymethvlenc

5  (-CH20-) structural units. It may be an oxymethylene homopolymer or
copolymer, terpolymer, or block eopolymer eontammg small amounts of
structural units other than oxymethylene groups It can be a linear,
branched, or crosslinked molecular structure. The polyoxymethylene resin
to which this invention is applicable gcnerally has a number average

10 molecular weight of 10,000-100,000, preferably 20 000-90,000, more
preferably 25,000-70,000.

The component (b) polymer used i m the compositions of the
present invention is selected from ®)1)a graft copolymcr containing epoxy-
containing olefinic monomer units, (b)(2) a polymer containing oxazo!yl

15 groups, and (b)(3) mixtures thereof.

The component (b)(1) graft copolymer containing epoxy-
containing olefinic monomer units used in this i invention are preferably
epoxy-containing olefinic copolymers grafted thh vinyl polymers.

, Specific examples of the epoxy-conuumng olefinic copolymers

20 include ethylene-glycidyl acrylate ("EGA") eopolymers. ethylene-glycidyl
methacrylate ("EGMA") eopolymers, propylene~glyc1dyl methacrylate
("PGMA") copolymers, and the like. The glyqdyl methacrylate ("GM") or
glycidyl acrylate ("GA") content in these copolymers is preferably
1-40 weight percent, most preferably 10-30 wexght percent.

25 Viny! polymers graft-polymerized onto the above epoxy-
containing olefinic copolymers include polymethyl methacrylate, polyethyl
acrylate, polybutyl acrylate, polyacrylonitrile, polystyrene. acrylonitrile-
styrene copolymer, butyl acrylate-methyl methacrylate copolymers, and the
like.

30 From among the graft copolymers comprising the above
components, it is particularly preferred to use '.ati ethylene-glycidyl
methacrylate copolymer, graft polymerized Wlth :polymethy] methacrylate.

In the component (b)(1) graft copolymer of the present invention.
the preferred ratio of the epoxy-containing oleﬁmc copolymer units to the

35  vinyl polymer units is about 80/20% by wexgh_ 40/60% by weight. The
melt index (JIS K 7210) of the graft copolvmer. 15 preferably about 0.1-20.
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Conpany, tradenane, "Tinuvin 234") and 36 g of a light stabilizer (Cba 5
Gei gy Conpany, tradenane, "Tinuvin 622"). Test pieces were obtained from
the conposition in a manner similar to that of Exanple 1 to evaluate

weat hering resi stance and other properties. Table |ists the results of

eval uati ng weat her resistance; and Table 4 shows the mechani cal

properties and heat stability. Watherdbility substantially inproved 10
conpared to Control Exanple 1, but there was significant discoloration
after 1,000 hours of lLong-termirradiation. Control Exmapl es

3dg morcpamadalglpabmntﬂ:@flfn'&'hcgmh'oopolypwnglubn%waeeﬁb%gar ed by

addi ng ‘fahﬁb an

respectively, t'o tﬂue I let ¥l‘i3’s5 @gntrql 1. The test
@ggmpon nt (Li(b

pi eces prepared from BTURHUSEY to that
of Exanple 1 inahe tesenadvémtonarcvmyl |oxam1yla:oamimngher

properti esg Eémgﬁ weat hering
resi stance g@#ﬁmi t‘#&ms%ﬁan Ica Zcmohne?sge:r€ %g‘neat
stability. 202vinylk -oxazo 2-0%aZ08Re yner
(Control Exanpa@yldnitrile-s WWMSW@&H@WW gl- or

Cubstantial 'mﬁ??'@%ﬂr% %#@%%@%8?#%9% oSHoljrhfed i ekl bu hor e ves

| ncor por ati on aa-m m@mmwtérm&smémmwmmwzs

(Control BEANMPEGolyinésdn frns o altivniskr avérape foleduldr Weightas Preferably
but res'é@?@%@oﬁmﬂﬁﬁe@xﬁ&ﬁ?@fr st 30.80f300on. 27 o g
occurred was The composition of this invention. permxts using either graft
copolymers containing epoxy-containing olefimc monomer units or polymers
contammg oxazolyl groups or both.
15 The component (c) UV absorbers. and hindered amine light

stabilizers used in the eomposmons of this i mvennon are described below.

The UV absorbers which can be used include benzotriazole,
benzophenone, aromatic benzoate, cyano acrylate. and oxalic acid anilide
types, and the like.

20 Such UV absorbers include, for example, 2-(2'-hydroxy-5°-
methylphenyl)-benzotriazole, 2-(2'-hydroxy-3 '.5 ‘-di-t-butylphenyl)
benzou'iazole. 2-(2"-hydroxy-3',5"-di-isoamylphenyl)benzotriazole,

-(2'-hydroxy- 3'.5'-b1s(alpha.alpha-dmemhylbenzyl)phenyl)benzomazolc
-(2 hydroxy-4'-octoxyphenyl)bemmazole. 2.4-d:hydroxybenzophenone.
25  2-hydroxy-4-methoxybenzophenone, - phenone,
2-hydroxy-4-dodecyloxybenzophenone, 2.2'-dihydroxy-4-
methoxybenzophenone, 2,2'-dihydroxy-4,4 -dlmcthoxybenzophenone.
2-hydroxy-4-methoxy-5-sulfobenzophenone, 2-hydroxy-4-oxybenzyl-
benzophenone, p-t-butylphenyl salicylate, p-octylphenyl salicylate,

30  2-ethylhexyl-2-cyano-3,3'-diphenylacrylate, ethyl-2-cyano-3,3'-diphenyl-
acrylate, N-(z-cthylphenyl)-N'{Zoethoxy-s-t-lintﬁlphenoxy)-oxali acid
diamide, N-(2-ethylphenyl)-N'-(2-cthoxyphenyl)oxalic acid diamide, and the
like. From among these UV absorbers, a benzotnazole type is particularly
preferred. e

35
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nonuni formon the test piece surfaces and the conposition exhibited a
rat her substantial decreased in heat stability. 30 35

The preferred amount of the UV absorber added per 100 parts by
wexght of the polyoxymethylene resin is in the range 0.1-10 parts by weight,
more particularly from 0.15-1.5 parts by wexght

The hindered amine light stabilizers: used in this invention are

s  preferably hindered amine type light stabihzers. such as 4-acetoxy-2,2,6,
6-tetramethylpiperidine, 4-steamyloxy-2.2.6.6-tetramethylp1pendme.
4-acryloxy-2,2,6,6-tetramethyl-piperidine, 4-methoxy-2,2,6,
6-tetramethylpiperidine, 4-benzoyloxy-2,2,6, &teuamethylpxpendme,
4-cyclohexyloxy—2,2.6.6-ten'amethylpxpendme. 4-phenoxy-2.2.6

10  6-tetramethylpiperdine, 4-benzyloxy-2,2,6, 6-tet;fa_methylpxpendme.
4-(phenylcarbamoyloxy)-2,2,6,6-tetramethylpiperidine, bis(2,2,6,
6-tetramethyl-4-piperidyljoxalate, bis(2,2.6,6-tetramethyl-4-
pxpendyl)malonate. bis(2,2,6. &teuamethyl&ptpendyl)adxpate. bis(2,2,6,
6-tetramethyl-4-piperidyl)sebacate, bis(1,2,2,6, 6-pentamethylo

15 piperidyl)sebacate, bis(2,2,6, 6-ten'amethyl-4-ppgendyl)terephthalate.
1,2-bis(2,2,6,6-tetramethyl-4-piperidyloxy)ethane, 1,2-bis(2,2,2,6-tetramethyl-
@pxpendyl)hexamethylene—l.Mearbamate. bxs(l-methyl—2,2,6
6-teu'amethyl-4-p1pendyl)adxpate, tris(2,2,6, 6-tetramethyl-
4-piperidyl)benzene-1,3,S-tricarboxylate, and the like.

20 The preferred amount of the light stabihzer added per 100 parts

' by weight of polyoxymethylene resin is in the range of 0.1-10 parts by weight,
preferably from 0.15-1.5 parts by weight. __

The UV absorber and hindered amme light stabilizer may be
added singly or in a mixture oftwooremore.preferablynsmgboth alVv

25 absorber and a hindered amine light stabilizer for synerglsneally improved
weathering resistance.

The general amounts of the components in the polyoxymethylene
resin composition of the present invention are’ as follows:

0.1-30% by weight of the component (b) polymer and 0.01-5% by weight of
30 the component (c) absorber/stabilizer, with said welght percent being based
upon 100 parts by weight of the component (a) polyoxymethylene However.
it is noted that the amount of the component (b) graft copolymer or
oxazolyl-group polymer may be outside of the range given above, depending
upon the number of moles of epoxy or oxazolyl groups per unit weight of

35 said component (b) graft copolymer or oxazolyléoontannmg polymer,
respectively.
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TABLE 1
Col or Exanpl e Polyoxy- Polyner w Li ght Chal ki ng

Craze
Col or No. met hyl ene Additive Absorber Stabilizer (hr)
For mati on Differen- tial (dE) 1 (a) X1 Tinuvin[err]
Tinuvin[err] > 800 None : 234
622 2 (a) X2 Tinuvin[grr] Tinuvinferr] > 1000 None
1.8 234 622 3 (a) X3
Tinuvin[err] Tinuvin[err] > 800 None 9.7
234 622 4 The palyoxvmethytdne reSinroonipysitions of thisinvefition,] > 1000
None

a) -
X5 Tinuvi n[errﬁpjdmﬁ\ﬂm err pphcau%ns and ob'k%cuvgso’t%rpro\gﬁééneededf’ (2)

622 rues. may incorporate, thhm the range of not adversely affecting the 234
~ objective of this invention, known additives such as heat stabilizers,
5 lubricants, nucleating agents, mold release agg;__ns. antistatic agents, surface
active agents, inorganic fillers,and a vanetyofdyes and pigments.
The polyoxymethylene resin composmons of this invention can be
readily prepared by processes known in the
thoroughly and uniformly mixing the components, followed by further mixing

10 and extruding from a single screw or twin screw extruder to generate pellets.

Molded articles from the composmon of this invention can be
prepared by subjecting the resultant composx__gqns as above to conventional
molding methods, such as, for example, injection molding, extrusion,
compression molding, and the like.

15 ' The polyoxymethylene resin compositions of this invention can be
favorably used in molded articles in every area which requires weathering
resistance, especially as in automotive interior and exterior parts, electrical
appliances, office machines, and the like. Since the compositions are
excellent in weathering resistance, shaped arnclcs which heretofore required

20  asurface treatment such as painting or platmg or the like, no longer require
any surface treatment.

EXAMPLES
The present invention is further described by the following
Examples and Control Examples, but the scope of this invention is not
25 limited to these Examples.
 The methods of evaluating weatherability, medsuring mechanical
properties, and evaluating heat stability used m:_'the Examples and Control
Examples are described below. |
30

A test piece (75 cmx 125 cmxsmm)wastestedmaSunshme

weatherometer (Suga Shikenki Company) by_exposing it to carbon arc light
for 1,000 hours under conditions of a black panel temperature of 83°C and

distilled water spray/drying cycles (18 minut 12 minute cycles), 5o as to

35  permit observing the way chalking and crazing occurred and to measure any
change in the color phase after 1.000 hours. -
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. TABLE 2 Tensile ~Elongation at Fl exur al

| zod | npact Exanpl e Heat Strength t he Break Modul us
Val ue No. Stability (kg/cnferr]) (9 (kg/cm
(kg.cmlcm 1 0.19 672 22.5 27, 300

4.8 2 0. 56 670 27.1 27, 300 4.9

3 0.58 701 16. 8 21, 200 4.6 4

0. 64 693 24.5 30, 180 5.1 5 0.22
688 21.3 29, 800 5.8

Color differential (dE) was measured a Hunter-Lab Calorimeter
(D25M/D25-9) by method JISZ8729.
M f Mechanical P .
Test pieces were tested for mechanical properties according to the
s following methods: ASTM-0638 for tensile strength and elongation at the
break, ASTM-0790 for flexural modulus, and ASTM-0256 for notched Izod
impact values.
A 2 g pellet sample was placed in a heat resistant glass tube and
10  heated for 30 minutes at 250°C under a nitrogen blanket. The loss of weight
resulting from the decomposition of the polyoxymethylene was measured
and the ratio (T), described below, was reported as percent by weight. T
was used as a measure for the heat stability ofa polyoxymethylene resin
composition. _ .
15 T = 100 x (Wy - Wy)/ W,
' W; = Original Weight (g)
W, = Weight After Heat Treatment (g)
Components
The following components were used in the Examples and
20 Control Examples:
Polyoxymethylene (a): an oxymethylene homopolymer having a melt index
‘of 6.2 g/10 minutes and containing 03 weight
percent antioxidant, 0.5 weight percent thermal
stabilizer, and 0.5 weight percent lubricant;
' 25 Carbonblack: a melt mix of 33 parts by weight of carbon black and 67 parts

by weight of polyethylene;
Polymer Additives:
X1 An ethylene-glycidyl methacrylate copolymer (EGMA) grafted
with acrylonitrile-styrene copolymer (AS) (glycidyl methacrylate
30 content 10.5%, EGMA/AS = 70/30. Nippon Yushi KX.;

tradename: “Modeipar 4400");
X2: An ethylene-glycidyl methacrylate copolymer (EGMA) grafted
with polymethyl methacrylate (PMMA) (glycidyl methacrylate
content 10.5%, EGMA/PMMA =.70/30, Nippon Yushi K.K.:
35 tradename: "Modeipar 4200"); =
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12 TABLE 3 Control

Craze Col or Exanpl e Polyoxy- Polyner w Li ght Chal ki ng
Formation Differen- No. nmet hyl ene Additive Absorber Stabilizer
(hr) C1 (a) None None None 200 350
33.9 C2 (a) None Tinuvin[err] Tinuvin[err] 400 800
11.5 : 234. 622 C3 (a) Y1
Tinuvin[err] Tinuvin[err] 500 800 28.6
234 622 - -
X3: A styrene-glycidyl methacrylate copolymer grafted with an
acrylonitrile-styrene copolymer;
X4: A 2-vinyl-2-oxazoline-methyl methacrylate copolymer (2-vinyl-
2-oxazoline content 5%; Nippon Shokubai K.K.; tradename:
5 "RPM1005%);

XS: A 2-vinyl: 2-oxazohne-aaylomuile-styrene copolymer (2-vinyl-
2-oxazoline content 5%, Nippon Shokubal KX ; tradename:

*RAS1005%);
Y1: An acrylonitrile-styrene copolymer (Mnsm Toatsu Kagaku;
10 tradename: "Nartak 120P"); |
Y2: A polymethyl methacrylate (Du Pont Company; tradename:
“Elvacite 2013"); |
Y3: A polymethyl methacrylate (Du Pont Company; tradename
“Elvacite 2016");
15 Y& A linear low density polyethylene (LLDPE) grafted with

polymethyl methacrylate (PMMA) (LLDPE/PMMA = 70/30;
Nippon Yushi KX.; tradename: "Modeipar 1200);

YS: An ethylene-vinyl acetate copolymer (EVAc) grafted with an
acrylonitrile-styrene copolymer (AS) (EVAc/AS 70/30;
20 Nippon Yushi KXK.; tradename 'Modexpar A6400")
Example 1

A mixture of 11.85 kg of polyoxymethylene homopolymer (a),36 ¢
of a UV absorber (Ciba Geigy Company, tradename *Tinuvin 234"), 36 g of
a light stabilizer (Ciba Geigy Company, uadename"l‘muvmﬁZZ”) 72 gof
25 carbon black, and 600 g of polymer additive Xl'\vas mixed in a Henshel
mixer and melt mixed in a 35 mmmuscrewanruderto give a
polyoxymethylene resin composition in pellet form. Dumbbell test pieces
and slabs were molded from these pellets by an mjecnon molding machine
for use in evaluating the weathering resistance and other properties. Table 1
30 lists the results of the evaluation of weathenng ressnnee Table 2 lists the
mechanical properties and heat stability. B
The composition of Example 1 showed no crazing on the surface
after 1.000 hour exposure to a carbon arc xrrad1auon It was only after about

800 hours of irradiation when chalking in whlch-'thc surface became
35  whitened was significantly visible. Heat stability was also good and
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e (a) Y2 Tinuvin[err] Tinuvinferr] 700 None 15.5

234 622 C5 (a) Y3 Tinuvin[err] Tinuvin[ferr] 400
None 30.0 234 622 C6
(a) Y4 Tinuvin[err] Tinuvin[err] 500 800 29.5
234 622 c7 (a) Y5 Tinuvin[err] Tinuvin[err] 400
600 26. 4 TABLE 4 Cont r ol
Tensil e El ongati on Fl exur al | zod | npact Exanpl e Heat
Strength at the Modul us 9 val ue
( kg/ cnjerr]) meﬂlaantba@ poperti¢soyérergnly shgbtly (dvg:rcwciq a polyoxymethylene 0. 08
712 lymer. 28, 300 0.12
. 31, 200 6 2
Examnlsl

Example 1 was repeated except for replacing the polymer additive
s  X1used in Example 1 with X2 to prepare a polyoxymethylene resin
composition from which test pieces were prepared in a manner similar to
that of Example 1 for evaluating the weathering resistance and other
properties. Table 1 lists the results of the evaluation of weathering
resistance. Table 2 lists the mechanical properties and heat stability.

10 There was no surface crazing or chalking after a 1,000-hour
exposure to a carbon arc irradiation, with further improvement in
weatherability compared to Example 1. The color differential was only 1.8.
even after 1,000 hours of irradiation with essentially no change in color. The
properties of polyoxymethylene were sausfactonly maintained as in the case

15 of Exampie 1 for mechanical properties and heat stability.

Example 2 was repeated except for replacing the polymer additive
X2 with polymer additives X3, X4, and X5 to prepare polyoxymethyiene
resin compositions which were used to measure weathering resistance,

20 mechanical properties, and heat stability, as in the case of Example 2. These
data are shown in Tables 1 and 2. All the compositions showed excellent
weathering resistance and exhibited good meghanical properties and heat

" stability.
Lontrol Example 1

25 ' Example 1 was repeated to prepare 2 polyoxymethylene resin

composition except for not adding any of the polymer additives, UV

absorbers, or light stabilizers. The test pieces: from this composition were
used to evaluate weathering resistance and other properties, as in the case of

Examples 1-S. Table 3 lists the results ofmeasunngtheweathenng

30 es and heat stability.

The composition of_ngmLEnmmu containing no UV
absorber, light stabilizer, or polymer additive showed considerably inferior
weathering resistance, giving crazing and chalkmg on the surface within one
short hour of carbon arc irradiation.

35
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. C3 0.17 655 13.9 31, 300 5.8
4 1.90 685 33.5 29, 400 5.6

C5 1.51 664 37.8 - 28, 600 5.2
C6 1.26 646 32.8 28, 300 6.2
Cc7 1.68 648 34.6 29, 200 6.0
13 ' CLAI M5 1. A

conposition consisting essentially of 10
pol yoxynet hyl eQéntrol Example 2
A polyoxymethylene resin composition was prepared by adding to
the composition of Control Example 1, 36 g of a UV absorber (Ciba Geigy
Company, tradename, "Tinuvin 234") and 36 g of a light stabilizer (Ciba
s  Geigy Company, tradename, “Tinuvin 622). Test pieces were obtained from
the composition in a manner similar to that of Example 1 to evaluate
weathering resistance and other properties. Table 3 lists the results of
.evaluating weathering resistance; and Table 4 shows the mechanical
propertics and heat stability. Weatherability substantially improved
10 compared to Control Example 1, but there was significant discoloration after
1,000 hours of long-term irradiation.
Control Examples 3-7
Polyoxymethylene resin composition were prepared by adding
600 g each of the polymer additives, Y1, Y2, and Y3, respectively, to the
1s  composition of Control Exampie 1. The test pieces prepared from these
compositions in 2 manner similar to that of Example 1 were tested for
weathering resistance and other properties. Table 3 lists the results of
evaluating the weathering resistance; Table 4 shows the mechanical
properties and heat stability.
Adding an acrylonitrile-styrene copolymer (Control Example 3)
was effective for suppressing chalking or craze-formation at the initial period
of irradiation, but there was substantial whitening after 1,000 hours of

(a) a

20

irradiation.
Incorporation of polymethyl methacrylate as a polymer additive
25  (Control Examples 4 and 5) exhibited substantial improvement in

weathering resistance, slowing the time for chalking or craze formation, but .
these compositions were deficient in that the way chalking occurred was
nonuniform on the test piece surfaces and the composition exhibited a
rather substantial decreased in heat stability.

30

35
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~(b) 0.1-30 weight percent of a polyner selected from5
(b) (1) a grafted copol yner containing epoxy-contai ning

ol efinic nmonomer units, (b)(2) a polymer containing
oxazol yl groups, and (b)(3) mxtures of (b)(1) and
(b)(2), and (c) 0.01-5 weight percent of a conpound

sel ected from UV 10 absorbers, hindered am ne |ight

stabilizers, and m xtures t her eof ,

with the
wei ght percent ranges being based upoil1100 parts by weight of the

pol yoxynet hyl ene.
conponent (a) 15 pol yoxynet hyl ene is a honopol yner.
conposition of Claim1l wherein the conponent (a)

a copol yner

conponent (b) (1)

2. The conposition of aim1l wherein the

3. The

pol yoxynet hyl ene is
4. The conposition of Claim1 wherein the
pol yrmer is aifABDEW containing ol efinic copolyner

grafted with a vinyl 20 pol yner. 5. The conposition of
Cl ai m 4 wheferTtTE EPOXW cont al CTOPO! YITET chee Sl €ct ed
from et hyl e1mli&ﬁlu§ma m Chalkirgl] Ny Cage- bl tyiferehy]
nmet hacryl at p_clegol i fighdlencasddithe io0 ¢ Vaiah (JE)
copol yners. | 25 6. T aim4 wherein fhe vinyl
pol ymer is sel ected from ate, polyethyl
acrylate, pplydutyl (@ agkyl B9 il e Nopay| yst $Peng,
acrylonitrile-styrgne coppl yner,
2 ) x2 None 18
3 @) X3 Nome 97
4 (2) X4 Tinuvin® Tiouvin®] > 1000 None 54
234 62 |
5 @ X5 | Tinuvin® Tinuvin®| >1000 | Nome 36
234 622
JABLE2
Teasile Elongation at}  Flexural 1zod Impact
Example Heat Strength | the Break Modutus Value
—No. | Swmbiliy | Gefem?) | B Oegfem) | Geem/em)
1 0.19 672 nSs . 27,300 438
2 056 670 211 21,300 49
3 058 701 168 - 21,200 46
4 064 693 245 30,100 51
5 022 688 213 29,800 58
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butyl acrylate-nmethyl netacryl ate. 7. The conposition of
Claim1l wherein the conponent (b)(2) 30 polymer is a vinyl polyner

cont ai ni ng oxazol yl -cont ai ni ng ol efi ni c nonomner units.
8. The conposition of Caim?7 wherein the conmponent (b)(2) is
sel ected from 2-vinyl - 2- oxazol i ne-styrleéhe copol yners, 2-vinyl-2-oxazoline-
nmet hyl net hacryl ate copol yners, and 2-vinyl - 2-oxazol i ne-acrylonitrile- 35
styrene copol yners. 14

9. The conposition of Claim1l further consisting essentially of at
| east one of heat stabilizers, lubricants, nucleating agents, nold rel ease

agents, antistatic agents, surface aqﬂﬁgﬁlfgents, i norganic fillers, dyes,
and pi gnent s.

Coatrol : Craze Color
Example | Polyoxy- | Polymer uv Light | Chalking| Formatiog Differen
Mo, | methvlend Additive | Absorber} Stabifizer| (hr) by | gial (JE)
c @) None | Nomc | Nome | 200 350 339
Q (2) None | Tinuvin® 'l‘immn' 400 800 115
234. 62
G ) Y1 | Tiowin®| Tiouvise{ 500 800 286
s 2
C4 (a) Y2 Tinuvin® | Tinuvin® 700 None 155
234 62
s (a) Y3 Tiouvin® } Tinuvin® 400 None 300 .
234 62
s (a) Y4 Tinuvin® | Tinuvin® 500 800 295
24 62
c7 @ | Y5 | Tiouwin®| Tinwvin®{ 400 600 264
24 622 :
JABLE ¢4
Coatrol Tensile Elongation | Flexural | Izod Impact
Example Heat Streagth atihe Modulus |  Value
Mo, Subiity | (kg/ew?) | Break(%) | Gelom) | Ogom/cm)
a 008 698 300|230 56
o) 012 nm 375 31,200 62
(o) 017 655 ny. 31,300 58
o 190 685 35 29400 56
cs 151 664 318 | 2600 52
s 126 646 28 | 28300 62
o 168 648 M6 29200 60
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CLAIMS
1. A composition consisting essentiaily of
(a) a polyoxymethylene,
(b) 0.1-30 weight percent of a polymer selected from
(b)(1) agrafted eopolymer‘é'ontaining epoxy-containing
olefinic monomer umts.
(b)(2) a polymer conmnmg oxazolyl groups, and
(b)(3) mixtures of (b)(1) and (b)(2), and
(c) 0.01-5 weight percentof a compound selected from UV
absorbers, hindered amine light stabilizers, and mixtures
thereof,
with the weight percent ranges being based upon 100 parts by weight of the
polyoxymethylene.

2. The composition of Claim 1 wherein the component (a)
polyoxymethylene is 2 homopolymer.

3. The composition of Claim 1 wherein the component (a)
polyoxymethylene is a copolymer.

4. The composition of Claim 1 wherein the component (b)(1)
polymer is an epoxy-containing olefinic copolymer grafted with a vinyl
polymer.

5. - The composition of Claim 4 wherein the epoxy-containing
olefinic copolymer is selected from ethylene glycidyl acrylate copolymers,
ethylene-glycidyl methacrylate copolymers, and propylene-glycidyl
methacrylate copolymers.

6. The composition of Claim 4 wherem the vinyl polymer is
selected from polymethyl methacrylate, polyethiyl acrylate, polybutyl
acrylate, polyacrylonitrile, polystyrene, acrylomtrile—styrene copolymer, and
butyl acrylate-methyl methacrylate,

7. The composition of Claim 1 wherem the component (b)(2)
polymer is a vinyl polymer containing oxazolyl_-_contaxmng olefinic monomer
units, |

8. The composition of Claim 7 wbérein the component (b)(2) is
selected from 2-vinyl-2-oxazoline-styrene copolymers, 2-vinyl-2-oxazoline-
methyl methacrylate copolymers, and 2-vmyl-2-oxazohne-acrylomtnle-
styrene copolymers.

NI ose: 50w o
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9. The composition of Claim 1 further eonﬁisting essentially of at
least one of heat stabilizers, lubricants, nucleating agents, mold release
agents, antistatic agents, surface active agents, inorganic fillers, dyes, and
pigments.
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15
POLYOXYMETHYLENE RESIN COMPOSITION
ABSTRACT

The present invention is aimed at improving the
weathering resistance of a polyoxythethylene resin without
adversely affecting its excellent mechanical properties.
The invention comprises incorporating into polyoxymethylene
a UV absorber and/or a light stabilizer, along with a
grafted copolymer containing epoxy-containing olefinic
monomer units and/or a polymer containing oxazolyl groups.
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