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PGLN@OETHYLENE COVPOSI TI ONS CONTAI NI NG LI NEAR s OW

DENSI TY POLYETHYLENE 5 Technical Field : Thi s i nventdon
relates to polyoxynethylene conposi tions having increased €l ongation at
break due to the inclusion therein of low | evels of linear |ow
density pol yethyl ene (hereinafter referred totas 10 "LIDPE")
Pol yoxynet hyl ene, also comonly referred to as pol yacetal, conpositions
are general |y under st ood to include conﬁggpgions based on honopol yners
of f or mal dehyde, t IROLYOXMMETHYLENE) COMPOSATTONGr @ONTAINING LINEAR
LOW DENSITY POLYETHYLENE
BACKGROUNRD
S echnjca ield

This invention relates ‘o polyoxymethylene
compositions having increased elongatlon at break due
to the inclusion therein of low levels of linear low
density polyethylene (hereihafter referred to as

10 #LLDPE”") .

Polyoxymethylene, also commonly referred to
as polyacetal, compositions are generally understood
to include compositions based on homopolymers of
formaldehyde, the terminal groups of which are

15 end-capped by esterification or etherification, as
well as copolymers of formaldehyde or of cyclic
oligomers of formaldehyde and other monomers that
yvield oxyalkylene groups with at least two adjacent
carbon atoms in the main chain, the terminal groups of

20 which cqpolymers can be hydroxyl terminated 6: can be
end-capped by esterification or etherification. The
proportion of the comonomers can.be up to 20 weight
percent. | )

- Compositions based on polyoxymethylenes of

25 relatively high molecular weight, i.e., 10,000 to
100,000 are useful in preparing semi-finished and
finished articles by any of the techniques commonly
used with thermoplastic materials, e.g., compression
molding, injection molding, extrﬁsion,_blow molding,
30 rotational molding, melt spinning, stampiﬁg and
thermoforming. Finished articles made from such
compositions possess desirable physical properties,
A including high stiffness, strength, low coefficient of
’ friction, and good solvent resistance. However, in
35 certain applications, it would be desirable to
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=15 end-capped by esterification or etherification, as wel | as
copol yners of formal dehyde or of cyclic ol i goners of fornmal dehyde and
ot her nononers that yi el d oxyal kyl ene groups with at |east two adjacent
carbon atons in the main chain, the termngl groups of 20 which copol yners
can be hydroxyl term nated or can be end- capped by esterification or

etherification. jifi@rease ﬂi&@[dx&ﬁtﬂi‘n f2te prearn@Fethecan be up to 20
wei ght- percer!Hir

Qsi tions sed_on | yoxynet hyl enes
of 25 rel ativelBPH P MOFRASDG ‘iﬁéﬁpé’lﬁn%ﬁ”e q’i’o%ﬁo"? Seht 100, 000 ar e
useful in preparimgerneionf i the ekbngation aﬁ|hneame@fappﬂwb8¥m§§hﬁhy of the
techni ques conmmogly. found £5 e Maidrd JE%&"B?‘%Eé‘idEN&Qﬂo%‘%he@eﬂn of

conpr essi on ectlon

din ext rusi mol di ng, 30
rotational bl di WY :h%Y?i§p?1Lﬂn‘P rﬁ‘r%’t%?lg: of Pﬁﬁ’ﬁ@?‘ﬁ@f"’& Phi ng. ’

Fi ni shed articl epami@by, f LODPELICH conposi tions possess desirable
- physi cal properties, I gn t nHE? eile LW
coefficient of frict |%ﬁ gg#]goo $v&egnt rst arxl‘g:g %ﬁevep [ 35

certain appl|catannsusefuhouhdtbesdesvﬁkiﬂ4;xqms “here it is desired
to use a polyoxymethylene composition having increased
10 elongation at break.
ac ound
The references below provide background
information on polyolefin/thermoplastic resin
compositions. While some of these references disclose
15 of use of polyethylene in polyoxymethylene, none of
the references teach that use of low levels of linear
low density polyethylene, as opposed to other types of
polyethylenes, in polyoxymethylene acts to increase
elongation in polyoxymethylene. In fact, some of the
20 references teach that the opposite effect is achieved,
namely, that the inclusion of polyethylené into-
polyoxymethylene results in a decrease in the
elongation of the polyoxymethylené.
U.S. patents 3,704,275; 3,795,715; and
25 3, 980 734 disclose polyoxymethylene compositions
containing homo- and co-polymers of polyethylene. No
specific mention is made of linear low density
polyethylene.
U.S., patent 3,969,313 dlscloses compositions
39 comprised of a thermoplastic material, including
polyoxymethylene, and 5-70 weight percent of a
polyolefin composition comprised of a polyolefin and a
reactive inorganic filler. The polyolefins which may
be used include high density polyethylene, low density
35 polyethy%gne, crystalline polypropylene, crystalline
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2 i'ncrease the elongation at break of the pol yoxynet hyl ene
conposition. By the present I nvention, the elongation at break of
pol-yoxynet hyl , is found to be increased by the inclusison therein of 5
| ow.l evel s of a particular type of polyethylene: nanmel y, LIDPE

The conpositions of the present invention are useful in those

appl i cations where A - Qxy L REEREsS{ L1 on
havi ng i ncreased 10é$]é*onga [ oﬁgjo bré‘%( %u%‘&hlé rogﬁaﬁx ¢ pe 1
The references bel cangreapelyRexk RRRKLSing mers: FRanoA SHt 80 weight

pol yol ef i n/ t her nopl géféént €éthylene or propylene and less than 20 percent
by weight of a comonomer selected from ethylene,
s propylene, butene-1, pentene-1, hexene-l, 3-methyl
butene-1, 'and 4-methyl pentene-l.

U.S. 4,670,508 discloses that the inclusion
of between 10-30 weight percent of ultra-high
molecular weight polyethylene, or a maleic anhydride

10 modified version thereof, into polyoxymethylene

- results in a decrease in the elongatibn at break of
the polyoxymethylene from 24% to less than 10%.

Japanese Kokai Patent No. 49-40346 discloses
that the elongation of polyoxymethylene is decreased

15 by the inclusion therein of 10% of high density
polyethylene (Table 1, Comparative Example 1}, that
the inclusion of 10% of linear low density
polyethylene decreases the elongation of
polyoxymethylene (Table V, Comparative Example 3),

20 that the inclusion of 10% of low density polyethylene
increases the elongation of polyoxymethylene slightly
from 7% to 10% (Table V, Comparative Example 2), that
the inclusion of 25% of high density polyethylene
decreases that elongation of polyoxymethylene (Table

25 VI, Comparative Examplesj, and that the inclusion of
20% high molecular weight polyethylene increases the
elongation of polyoxymethylehe from 7% to 12%.

Japanese Tokukai No. 62-253650 discloses
compositions containing polyoxymethylene and 2-30%

30 Ppolyethylene, said compositions having improved squeak
resistance. The reference teaches away from use of low
levels of polyethylene and from use of polyethylenes
having a melt index of less than 10. There is no
mention of linear low density polyethylene in this

35 reference, nor that the incorporation of linear low

This Sheet Has Been RT

i llllll I




. compositions. Wiile sone of these references disclose 15 of use of
pol yet hyl ene i n pol yoxynet hyl ene, none of the references teach that
use of low | evel s of I|inear | ow density pol yet hyl ene, as opposed to
ot her types of pol yet hyl enes, in pol yoxynet hyl ene acts to increase
el ongation in pol yoxynmethylene. |In fact, 4ome of the 20 references teach
that the opposite effect is achieved, nanmely, that the inclusion of

pol yet hyl ene i ndensity pelyekhydene| éntor pelyexynethylrne dERrqves he

el ongation of thReeP@AYUEEbAYhEBreak of the pol¥3*#ﬁitﬁ¥¥éﬁE§ 3.,704, 275:
3,795,715, and 25 3,980,734 disclose DOL%Oiénﬁt | ene conposj tions
contai ni ng homo- and co- pOk§rers 337 « foByBLAGHRRES YOXYR&HYAGN T nenti on

i s made of lg# neasonpositdenist yontainjagyat Ayspaersion of carbon bladk S
pat ent 3,969, 31 S I L : lse her nopl asti c
material, incl u?’fﬂg‘;’ @h%ﬁ%b’g?%@néfﬁgﬁ‘gﬁgg Eﬁggg{%' \C/i\sé%lhaaé

S, ar ( t percent of a
pol yol ef i n conp@Nongst Ohersscd prlyodefyb) cinpluging polyethylene e

i norgani c fill eryo Hpedidivomehitisn\iisChadBY of line®e Lewddémsitygle high
density pol yet hyrlxﬁr;%thlyclvgn%e.ny iy
10 SUMMARY OF THE JINVENTION
The present invention relates to
polyoxymethylene compositions containing 0.2 to 3.0
weight percent LLDPE, said weight percent being based
upon the weight of the polyoxymethylene and the .LLDPE.
15 The resultant polyoxymethylene compositions are
characterized as having improved elongation at break
over polyoxymethylene alone or polyoxymethylene with
other types of polyethylene. The resultant
compositions are useful in applications where it is
20 desired to use a polyoxymethylene_compositicn having
improved elongation.
DETAILED DESCRIPTION OF THE INVENTION
It has been unexpectedly found in the
present invention that low levels of LLDPE
25 significantly increase the elongation at break of
polyoxymethylene compositions. Such an effect is
unexpected because certain types of polyethylene are
known to decrease, or, at most, to have no effect on,
the elongation at break of polyoxymethylene polymers.
30 For example, U.S. Patent No. 4,670,508 provides
examples wherein the elongation at break of
polyoxymethylene is decreased from 27% to less than
10% by the inclusion therein of an ultra-high
molecular weight polyethylene. As another example,
35 Japanese Kohai Patent No. 74/40346 teaches that 10% of
a high density polyethylene in polyoxymethylene
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o 35 pel yethyl ene, crystalline polypropylene, crystalline
3 pol ybut ene, poly-3-nethyl -butene-I, poly-4-pentene-1, and
copol ymers conpri sing .nore than about 80 wei ght percent ethyl ene or
“propyl ene and | ess than 20 percent by wei ght of a conononer sel ected
fromethylene, 5 propylene but ene-1, pentern®-1, hexene-l, 3-nethyl

but ene-1, and 4-neth gentene- uS., 4, 670 508 di scl oses
that the inclusion¥® 1 £ BBt fedht 1823FRARS (iR ﬁﬂﬁ(ﬁ%ﬂPQﬂtlﬁptPf kfgh
nmol ecul ar wei ght peegalhghenpolpoxgmethelenandymposictich. nadi ifuerdheer si on

thereol. 1nto pol yRKKEREDYERRE 103 684! 1Su! defeflif 'SiAYRthy1ERE Bagndd! ! O"

effect on the elongation of a polyoxymethylene

5 composition. It also teaches that 10% of a
polyethylene-butene—l copolymer {i.e., a LLDPE) has a
negative effect on the elongation of a
polyoxymethylene composition. Thus, the fact low
levels of LLDPE resulted in a significant increase in

10 the elongation at break of polyoxymethylene was quite
unexpected.

. 1. Composition
" The compositions of the present invention

consist essentially of 97 to 99.8 weight percent of

15 component (a) polyoxymethylene and 0.2 to 3.0 weight
percent of component (b) LLDPE. Preferably, the
compositions consist essentially of 97.0 to 99.65
weight percent of component (a) and 0.35 to 3.0 weight
percent of componént {b). Most preferably, the

20 compositions consist essentially of 97.5 to 99.5
weight percent of component (a) and 0.5 to 2.5 weight
percent of component (b). All the above-mentioned
weight percents are based upon the weight percents of
components (a) and (b) only. It is further noted that

25 a higher loading of LLDPE may increase the elongation
at break of a polyoxymethylene composition but that
such a higher loading may result in a loss of other
physical properties of the polyoxymethylene. Higher
loadings of LLDPE may also give rise to molded parts

30 having undesirable characteristics, such as LLDPE and
polyoxymethylene separation (de-lamination), sink
marks, flow marks, etc.

35

——
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-t he pol yoxynet hyl ene from 24%to | ess than 10% Japanese
Kokai Patent No. 49-40346 discl oses that the el ongation of

pol yoxynet hyl ene is decreased 15 by the inclusion therein of 10% of high
flensity pol yet hyl ene (Table 1, conparative Exanple 1), that t he

i nclusion of 10% of |inear |ow density vpolyethylene decreases the

el ongati on of pol yoxynet hyl ene (Table V, Conparative Exanple 3) 20
that the inclusion o0fal10% SbmboNesEeNEdyy At lene i?crg?ses t he
el ongati on of pol yoxymethylene slig rom 0 10%,.(Table V,
Conpar ati ve Exanple 2), thage termtTRPi&R%XEﬁ?HY%ﬁ“?g%@FstﬁPgHeHEﬁEity
pol yet hyl ene indbudeashembpalymérgmbﬁit&ruilduﬂyﬁFXmebhybgueiegable 25
VI, Conparatite , @n | n [ % hieg

nol eculngr wei_ght gf%ﬁ%‘?ﬁ%ﬂ %geg?%%%%%&d%he%&%s ?O&é’}(%glﬁa&aﬁrgégéf U
poIyoxynethyﬁene“gi6g1#E@t%ﬂ§29€PPed by esterificpiio®e®T Tokukai No.

62- 253650 di scl ogeRerific8€1BA5 | Ah@ Sope eyl HF FUriIMERlax ereognd 2- 30%

I hyl i d ' ' k i st .
The ©of o ence | CSERACRGOPRORT (B8 Bratienyde i R peroBeRSi cne and

" fromuse of pol ythagl pheld oxyalkylene groups with at least two

adjacent carbon atoms in the main chain, the terminal.

10 groups of which copolymeré can be hydroxyl terminated
or can be end-capped by esterification or
etherification.

The pélyoxymethylene used in the
compositions of the present invention can be branched

15 or linear and will generally have a number average
molecular weight in the range of 10,000 to 100,000,
preferably 20,000 to 75,000. The molecular weight can
conveniently be measured by gel permeation
chromatography in m-cresol at 160°C using.a Du Pont

20 PSM bimodal column kit with nominal pore size of 60
and 1000 A. Although polyoxymethylenes having higher
or lower molecular weight averages can be used,
depending on the physical and processing properties
desired, the polyoxymethylene molecular weight

25 ' averages mentioned above are preferred to provide
optimum balance of good mixing of the various
ingredients to be melt blended into the composition
with the most desired combination of physical
properties in'the molded articles made from such

30 compositions. : : _

As indicated above, the polyoxymethylene can
be either a homopolymer, a copolymer or a mixture
thereof. Copolymers can contain one Oor more
comonomers, such as those generally used in preparing

35 polyoxymethylene compositions. Comonomers more

R

!
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-having a nmelt index of |less than 10. There is no mention of |inear
| ow density polyethylene in this 35 reference, nor that the incorporation

a

of. I'imear | ow 4 density
pol yet hyl ene into pol yoxynet hyl ene i nproves the el ongation at break of
t he pol yoxynet hyl ene. us. 3, 37? 313 di scl oses

pol yoxy et hyl ene. 5 coni8iRQSkdedIncaRka! aiggléng'éﬁfaég%oi-fzarm&u ack

in a thernoplastic p st, qthers, a

pol yol ef in, |ncIudﬂﬁ@ﬁpémﬁeﬁhfﬂ€h§YCilc aﬂBiSbEE|P¥%¢VE§éhYﬁFWs made of
| i near |0W/denSltonrmalBQh&thY'Qﬂﬁ quantity of comonomer will not be

more than 20 weight percent, preferably not more than
5 15 weight percent, and most preferably about 2 weight
percent. The most preferred comonomer is ethylene
oxide. Generally polyoxymethylene homopolymef is
preferred over copolymer because if its greater
stiffness. Preferred polyoxymethylene homopolymers
10 include those whose terminal hydroxyl groups have been
end-capped by a chemical reaction to form ester or
ether groups, preferably acetate or methoxy groups,
respectively.
~ 1b. Component (b): LLDPE
15 The component (b) YLLDPE” is linear low
density polyethylene. LLDPE is well known in the art.
LLDPE is commercially available or can be made by
techniques readily available to those skilled in the
art. Generally, LLDPE is prepared by polymerizing
20 ethylene or ethylene and alpha-oclefin comonomers in
solution phase or gas phase reactors using transition
metal catalysts, particularly Ziegler or Phillips
types, as initiators.
LLDPE generally has a density of less than
25 . or edual to 0.94 grams per cubic centimeter. LLDPE
polymers can- be homopolymers of ethylene but usually,
they are copolymers of ethylene and an alpha-olefin
comonomer, such as, for example, propylene, butene,
pentene, hexene, 4-methyl-l-pentene, or octene.
30 Preferably, the LLDPE is an ethylene-butene copolymer.
It is understood by those skilled in the art
that LLDPE is separate and distinct from conventional
low density polyethylene (hereinafter referred to as
LDPE). LDPE polymers have long chain branching while
. 35 LLDPE‘pq}ymers lack long chain branching in the
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=10 SUWVMARY OF THE | NVENTI ON The present

I nvention relates to pol yoxynet hyl ene conpositions containing 0.2 to
3.6 wei ght percent LIDPE, said weight percent being based upon
the wei ght of the pol yoxynmethylene and the LIDPE. 15 The resultant

pol yoxynet hyl ene conpositions are characterized as having inproved

el ongation at break over pol yoxynet hyl gne al one or pol yoxynet hyl ene
W th ot her types of polyethylene. The resultant conpositions are

useful in applicgidiedalsieetructuve.20THasiael 60 Loveg achroiry boarettiyigene
conposi tion havin

i.nprooved el ongation.
Do T ON O b FOER e aae° Lot RAIRRRBA, by "h’b%'én“hnex;#e)ci’t e(ﬁ'ﬁ f ound
in the present i nvenmﬁt may contminepdditiongpradditsives gy f i cantly

i ncrease the e'OG&Qthaeﬂksbrﬁahnohs antxoﬁQhKﬁﬁ!”Eéﬁﬁiéﬁirﬁnﬁpos't'O”S
gtrjgh an ef{(ﬁgéml ts’d‘ uggpecs\e ecaus?tg E%n ygfseﬁnpgl‘ys th}‘l e?ﬁe
el ongati on at br apderedn painy ey inidorporated intospolyodSymethylenems e, U S
Patent No. 4, 6701p58§; P Q:%ior concentrate. In the color
concentrate, the LLDPE serves as a carrier resin.
Color concentrates are generally comprised of 1 to 30
10 percent by weight of pigments, such as carbon black,
. well dispersed in a carrier resin. In cases where
LLDPE is incorporated into polyoxymethylene as part of
a color concentrate, the weight percent LLDPE, .in the
polyoxymethylene composition, will be the same as
15 given above, i.e., between 0.2 and 3.0 weight percent,
as based upon the weight of the polyoxymethylene and
the LLDPE.
Although the LLDPE can contain additional
additives or ingredients customarily included therein,
20 some of the additives or ingredients can have an
adverse effect on the oxidative or thermal stability
of polyoxymethylene. Further, the LLDPE may contain
some impurities that can have an adverse effect on the
oxidative or thermal stability of polyoxymethylene.
25 While it is not expected that the presence of these
additives, xngredxents, or 1mpur1t1es will exert a
major lnfluence on the elongation of the composxtxon,
(unless of course, such additives, ingredients, or
impurities are present 'in grossly de-stabilizing
30 amounts) it is recommended that if maximum thermal and
oxidative stability for the polyoxymethylene
composition is desired, then the LLDPE, and any
additional componehts of the composition, should not
containrappreciable quantities of such types of
35 additives, ingredients, or impurities.

This Sheet Has Been Replaced

LT




£

-

~ exanpl es-wherein the el ongation at break of pol yoxynet hyl ene is

density pol yet hyl ene in polyoxynethylene
5 results in a 3Q3% ; ﬂ.Tan of the resul t ant

pol yoxynet hyl ene conpositi 0. e “a 10% of a | ow
density pol yet hyl ene has ngQ SL 3§aeép ﬁnd (;ﬁiﬁétgﬁof a

pol yoxynet hyl ene ®mpositdcins of. thet paesent:emmtxmthm%rmhuie. in

p0| yet hyl ene- but giRailt P U/ e pPolfoxyRethPléne N@%d athe linear low
5 density polyethylene, other ingredients, modifiers and
additives as are generally used in polyoxymethylene
molding resins, inbluding thermal stabilizers and
co~-stabilizers, anti-oxidants, pigments, colorants,
toughening agents (such as thermoplastic

10 polyurethanes), reinforcing agents, uv stabilizers
(especially those that are benzotriazoles or
benzophenones), hindered amine light stabilizers
(especially those wherein the hindered nitrogen is of
tertiary amine functionality or wherein the hindered

15 amine light stabilizer contains both a piperidine or
piperazinone ring and a triazine ring), nucleating
agents (such as boron nitride or talc), lubricants
(such as silicone o0il, polyethylene glycol, and
ethylene bis-stearamide), glass, )

20 Ppolytetrafluorocethylene powder or fibers and fillers

Suitable thermal stabilizers include nylon
terpolymers; poly-beta-alanine (as described in, for
example, West German published appln. 3715117); those
stabilizers disclosed in U.S. patents 4,814,397;

25 4,766,168; 4,640,949; and 4,098,984; those stabilizers
disclosed in co-pending U.S. patent application serial
numbers 327,664 (preferably, polyacrylamide) and
483,603 (preferably, microcrystalline cellulose):; and
nixtures of any of the above.

- 30 Preferred antioxidants include
triethyleneglycolbis(3~(3‘-tert-butyl-4’~hydroxy-5'-
methylphenyl)proprionate,
N,N?’-hexamethylenebis(3,5~di-tert-butyl-4-hydroxy-hy-
drocinnamide), and mixtures thereof. It should also

35 be understood that some pigments and colorants can,

T
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ul tra-high nol ecul ar wei ght pol yet hyl ene.  As anot her exanpl e, 35
*Japanese Kohai Patent No. 74/40346 teaches g hat 10% of a high
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.negative effect on the elongation of a pol yoxymet hyl ene.conposi tion.

> Thus, the fact |ow | evel s of LLDPE resulted in a significant increase
in 10 --the el ongation at -break of polyoxynethylene was quite
unexpect ed. 1. Cbnposition °conp03|t|ons of the

resent invention e 9 tyeOf
_25 conpengnt ka) poﬁ?ﬁ&fhét e§§@§h3%éby§9%egé Eﬁb éhéﬁﬁﬁiﬁgg ercent of
conponent (b) LLDPE. styadfdy y>f tﬂ«péyoxyme‘e'wﬁegetpem%bmgﬁ %eﬁm%di

of 97.0 to 99.65 ncwelsi nm&emlyofaﬁfe&nomyhléai PHepéried q;accﬁuded

wei ght ercent [of0) onen ref rab tions
cohglst essegtlally 0 rna qﬁfﬂ?xen%?%wgﬁaﬁﬁ Bgréé Fﬁgfpégﬁponen ka;

and 0.5 to 2.5 vvesghtcoloraqtes dentthef podyoxymethybenent| the
above-nenti oned %ﬁ‘ﬂ%}sﬂ?#ﬁ'&? gq:h&aggfq_pgg?glgﬁg wei ght per cents of
by onry

conponents (a) and ( her 1 o0adi ng
of LLDPE may increase the el ongh§ sPwpositions, gof.the Hrﬁﬁﬁiﬁxﬁ%?’i’@’r%‘he

conposi tion but that can béUsnteparedhar didddignghenyineanl lowndensbey of
ot her polyethylene, which can optionally contain pigments or

10 colorants, with the polyoxyhethylene polymer at a
temperature above the melting point of-the
polyoxymethylene component of the compositions using
any intensive mixing device conventionally used in
'preparing-thermoplastic polyoxynmethylene compositions,

15 such as rubber mills, internal mixers such as
#Banbury” and “Brabender” mixers, single or multiblade
internal mixers with a cavity heated externally or by
friction, #Ko-kneaders”, multibarrel mixers such as
*Farrel cOntinuots.Mixers", injection molding

20 machines, and extruders, both single scréw'and twin
screw, both co-rotating and counter rotating. These
devices can be used alone or in combination with
static mixers, mixing torpedoes and/or various devices
to increase internal pressure and/or the intensity of

25 mixing, such as valves, gates, or screws designed for
this purpose. Extruders are preferred. Of course,
such mixing should be conducted at a temperature below
which significant degradation of the polyoxymethylene
component of the composition will occur. Generally, .

30 polyoxymethylene compositions are melt ﬁrocessed
between 170°C to 28B0°C, preferably between 185°C to
240°C, and most preferably 195°C to 225°C.

Shaped articles can be made from the .

compositions of the present invention using any of

35 several common methods, including compression molding,
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: physical "properties of the pol yoxynethyl ene. Hi gher | oadi ngs of LLDPE
- may also give rise to nolded parts 30 having undesirable characteristics,

such -as LLDPE and pol yoxynet hyl ene separation (de-lam nation), sink
*mar ks, flow marks, etc. 11

| a. Conmponent (a): Pol yoxynethyl ene The term -

"pol yoxynet hyl ene”i e iSibh Biidihg, extRus4dRS BLEWPRLYARAS, ClotLE {BHHehyde

or of cyclic ol igoners of fornaldegyde, the term na| groups. of. 5 which

are end-capped by NG Rt FRINNING, o ARG, FREERPFOMINGY cg‘b'b? 5 of

formal dehyde or ofmolding is preferred. Examples of shaped articles
include sheet, profiles, rod stock, film, filaments,

s fibers, strapping, tape, tubing, and pipe. Such
shaped articles can be post treated by orientation,
stretching, coating, annealing, painting, laminating,
and plating. Such shaped articles and scrap therefrom
‘can be ground and remolded.

10 Processing conditions used in the
preparation of the é%mpositions of the present
invention and shaped articles made therefrom include
melt temperatures of about 170-280°C, preferably
185-240°C, most preferably 195-225°C. When injection

.15 wolding the compositions of the present invention, it
is preferred that the mold be as cold as possible
consistent with the intricacy of the shape being
produced. Generally, the mold temperature will be
16-120°C, preferably 10-100°C, and most preférably

20 about 50-90°C.

EXAMPLES
In the following examples, there are shown
specific embodiments of the present invention and
certain comparisons with embodiments of control

25 experiments outside the limits of the present
invention. It will be seen that the compositions of
the present invention are characterized by improved
elongation over that of polyoxymethylene alone.

The components uséd in the Examples below

30 Were as follows: -

| *POM” was an acetate end-capped
polyoxymethylene homopolymer having a number average
molecular weight of about 40,000.
#LLDPE 1% was a commercially available
35 linear lgy density polyethylene copolymer of ethylene
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.cyclie oligonmers of formal dehyde and ot her nononers that yield

* oxyal kyl ene groups with at |east two adj acent carbon atons in the main
chain,”-the termnal. 10 groups of which copol yners can be hydroxyl

term nated or can be end-capped by esterification or

etherification. The polyoxymnet hyl ene used in the
conpositions of the present invention can b? branched 15 or |inear and
will generally have a nunber average cul ar wei ght in the range of

10,000 10 100, 00na kil #35b% 20880 £2075000 oFMfogPl el Arake o1

can conveni ent e measure ermeation onmat ogr aphy in
m cresol at 160[&?’}%%|°rfg°a9@6/i’8‘ﬁt' 20 PSM bi nodal colum kit wth

nonmi nal pore size of 60 *LIDFE 200Gal. aAbbbﬁugblapiyomvmfiiuienes havi ng
hi gher . or | I I t o sed ndi ng
on the physical an %arr%clg’ggld%g pr pgml ‘EE@QS%.; gong}?Hefe 2t ethyf’&?@
pol yoxynet hyl 8ne 30 duitiene havimg 25med¢eﬁég§srﬁtﬁtDﬁn@@géb@vel%r%ﬂd a

preferred to provaéisity ofoR).ioPgpdaal.ance of good m xing of the various

i ngredients to be nelt bIe ded i nto the conpositi
g 'L LLDPE 3% was a g%mmercgally available

linear low density polyethylene copolymer of ethylene
and butene having a melt flow rate of 4g/10 min and a
10 density of 0.92g/cm3.
_ “LLDPE 4" was a commercially available
linear low density polyethylene copolymer of ethylene
and butene having a melt index of about 299/10 min and
a density of about 0.92g/cm3.
15 #LDPE” was a commercially available low
' density polyethylene homopolymer having a melt flow
rate of 12g/10 min and a density of about 0.92g/cm3.
Melt flow rates given above for LLDPE and
LDPE are determined in accordance with ASTM D1238,
20 Condition E.

' Each composition tested additionally
contained between 0.9 and 1.0 weight percent of a
thermal stabilizer system comprised of a poly(ethylene
vinyl alcohol) copolymer (prepared in accordance with

25 U.S.”Patenp 4,766,168) and a nylon terpolymer
comprised of 33% nylon 66, 23% nylon 6/10, and 43%
nylon 6. Each composition tested also contained
between about 0.1 and 0.15 weight percent of
antioxidants recommended for use in polyoxymethylene.

30 All compositions tested contained the same
antioxidant. The compositions tested each contained
about 0.5 weight percent of a polyethylene glycpi
lubricant having a molecular weight of 8,000. The use
of thermal..stabilizers, antioxidants, and lubricants

15 is not necessary for the operability of the present
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< with-the nost desired conbination of physical properties in the nol ded

_articles made from such 30 conpositions. As i ndicated
~above, the pol yoxynet hyl ene can be either a honopol yner, a copol yner
*or a mxture t hereof . Copol yners can contain one or nore

cormononers, such as those generally used inldreparing 35 polyoxynethylene
conposi tions. Cgnononers nore

conmonl y used i ndRYEStdon,| oFheyywexe yred. iv E%Fb6ﬂ11°w1%3cﬁﬁ?qﬁﬁfﬁfuﬂr
cyclic addition pnndu@mbmuIHMermalfQhﬂabdﬁhydEVeTbeaﬁﬁmmtytgndﬁtnmmﬁnﬂner

Wil ot e e, T AR 20Ny ASLERAL. oB EhE" EPLUGREloATUE dlen 5 19

wei ght percent, pre
compositions tested. .
5 _ Each composition was prepared as follows:

the components of each composition were mixed together
and melt compounded on a 28mm Werner and Pfleiderer
twin screw extruder with barrel temperature settings
of 150°C to 180°C, a die temperature setting of 200°'C,

10 and a screw speed of 150 rpm. The temperature of the
melt as it exited the die ranged from 205°C to 213°C.
The product exiting the die was quenched in a water
bath and pelletized.

Each composition was molded into tensile

15 bars conforming to the dimensions stated in ASTM
D-638, specimen type I {1/8 inch thick), on a HPM
screw injection molding machine. The mold temperature
setting was about 88°C, the barrel temperature
settings were between 180°C and 190°C, the screw sﬁeed

20 Wwas 100 rpm, the cycle time was about 65 seconds, and
the temperature of melt was between 182°C and 204°C.

. The injection molded test specimens were
placed in moisture-tight vacuum sealed aluminum foil
packages and stored at room temperature for 21 days

25 prior to elongation testing. The 21 day waiting
period allows for completion of post ﬁolding annealing
(crystallinity equilibration) which is well known: to
occur for polyoxymethylene. ,Elongatibnal properties
measured after this 21 day waiting period will remain

30 relatively constant over time. For 48 houfs prior to
elongational testing, the test samples were
conditioned at 23°C and 50 percent relative humidity
to allow the samples to reach moisture equilibration.
Samples were then tested for elongation using ASTM

35 D-638 progedure, at an extension rate of 0.2 inch/min.
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s percent. The nost preferred conononer is ethyl ene oxi de. Cenerally _
pol.yoxynet hyl ene honopol yner is preferred over copol yner because if its
gr eat er stiffness. Preferred pol yoxynmet hyl ene honopol yners 10 include
t hose whose term nal hydroxyl groups have been end- capped by a chem cal
reaction to formester or et her groups, preferably acetate or
nmet hoxy. gr oups, respectively. 1b. Conmponent (b): LLDPE 15
The conponent (b) "LLDPE" is linear |ow density pol yethylene. LLDPE is
wel | known in the art. LLDPE i s §§%¥g¥§§a¥¥% avai l abl e or can be nade
by t echni ques readi | yTheacbapbaehtst foscEsamples 1+2 tdned Contanofl.

General |y, LLDPEJaglo@0@h e,y aRBLYTGI LA Plle 20ece AUENE: Andildiy ene and

al pha-ol efin conono Ase or gas p ase react ors using
transition axe Sesexikedsis Tahlei Lu Pl?”zlegler or Phillips
t ypes, asirytlaiors The inclusiohlLOPEigecoerBLOBE hast® density of |ess

28 on B eGSR RS HEEREE)' LiBLRscd E  Polyers
elongation at break of polyoxymethylene from 27.4%
(Control Example Cl) to 52.0% (Example 1) and 39.6%
{(Example 2)}. In contrast, the inclusion of 1% of LDPE
10 into polyoxymethylene {(Control Example C2) had
essentially no effect on the elongation of the

polyoxymethylene.
TABLE T
15 Sample - Percent Improvement
Eg. wt. % Elongation In Elongation
No. Polyethylene _At Break __Relatjve To Cit*
c1 - 27.4% ' 0%
1.0% LLDPE 1 52.0% - 90%
20 2 1.0% LLDPE 2 39.6% 45%
C2 1.0% LDPE 1 29.3% 7%
*Determined by the following formula:
Sample Elongation at Break -3 x 100%
25 Cl Elongation at Break

EXAMPLES 3 -— 14
The componeﬁts of Examples 3-14 and Control
Example 3 are listed in Table II, below.
The results for each example showed that the
10 inclusion of between 1% and 3% linear low density
polyethylene into polyoxymethylene significantly
increased the elongation of polyoxymethylene.

35
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~“they are copol ymers of ethylene and an al pha-ol efin conononer, such

-~

7 _as, for exanple, propylene, butene, pent ene, hexene,
4--met Hyl - 1- pentene, or octene. 30 Preferably, the LLDPE is an
‘et hyl ene- but ene copol yner. - It,Ls understood by those skilled
in the art - that LLDPE is separate and di'Stinct from conventi onal
| ow density pol yethylene (hereinafter re dyfo as LDPE). LDPE
pol ymers have | ong chain branching while DPE pol ynmers | ack | ong
chain branching in the Sample Percent Improvement
nol ecul ar structureyg. The | a3k & | ong Ehangakienchi ng In Elongation
No. Polvethvlene _At Break = __Relative To C3*%
5 C3 - 26.7% 0%
3 1% LLDPE 1 54.9% 106%
‘ 4 2% 'LLDPE 1 63.8% 139%
5 3% LLDPE 1 41.3% 55%
6 1% LLDPE 2 60.8% 128%
10 7 2% LLDPE 2 33.6% 26%
8 3% LLDPE 2 $0.8% 20%
9 1% LLDPE 3 41.0% 54%
10 2% LLDPE 3 37.3% 40%
11 3% LLDPE 3 33.9% 27%
15 12 1% LLDPE 4 47.1% 76%
13 2% LLDPE 4 47.1% 76%
14 3% LLDPE ¢4 46.9% 76%

*Determined by the following formula:

20 Sample Elongation at Break -1 x 100%
C3 Elongation at Break

25

30

35
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Tn LLDPE i s due to the method by which it is produced. =~ LLDPE
ey contain additional additives or i ngredi ents, such as antioxi dants,

customarily 5 included in such polyners. Further,

herein can be incorporated into pol yoxymet hyl ene as I“Ilngmim I‘ln”m)
concentrate. In the color concentrate, tige LLDPE servestasma carvier
resin. Col or concentrates are generally conprised of 1 to 90 10

percent by weight of pignents., such as GLEIMS bl ack, wel | dispersed in
a carrier resin. In cases VK“%&hpos1%4&3”%dﬁ%£é%%%@9Qéékﬁéxhﬂi

pol yoxynet hyl ene as part of oncentrate he wel ght percent
LLDPE, in the ‘pol yoxy ety |9 TdiRighty Pergent € fhe same as 15
gi ven above, i.e., between 0.2 pglircictnetiylidnedPodgiler and as based upon

A'though the TLOPE can_ sont tih 'f}ﬁ.f b ugiont Vereent of 2 1 inRaF HPYn: o
customarily included therein, 2%2n$xkﬁenﬂ1¥¢kh¥iﬁnQJ ves or ingredients can
have an advegherei{h ease%i P AAALS d¥fe HaFelPupdhalhbl wxgm of
pol yoxynet hyl ene. Further, the DE ma contaln
of component (a) and (b) only.
2. The composition of Claim 1 wherein the
10 polyoxymethylene polymer is a homopolymer.

3. The composition of Claim 1 wherein the
polyoxymethylene polymer is a copolymer. '

4. The composition of Claim 1 wherein the -
linear low density polyethylene is a copolymer of

15 ethylene and an alpha-olefin comonomer.

5. The composition of Claim 1 wherein the
linear low density polyethylene is a homopolymer of
ethylene.

6. The composition of Claim 1 wherein the

20 linear low density polyethylene is a carrier fesin in
a color concentrate.

7. The composition of Claim 6 wherein the color
concentrate is comprised of 1-90 weight percent
pigment and 10-99 weight percent linear low density

25 polyethylene.

8. ‘The composition of Claim 1 further
comprising at least one of thermal stabilizers,
co-stabilize:s, antioxidants, pigments, colorants,
toughening aéents, reinforcing. agents, UV stabilizers,

30 hindered amine light stabilizers, nucleating agents,
lubricants, glass, polytetrafluoroethylene powder,
polytetrafluofoethylene fiber, and fillers.

9. The composition of Claim 6 further
comprising at least one of thermal stabilizers,

35 co-stabilizers, antioxidants, toughening agents,
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sone I npurties that can have an adverse effect on the  oxidative or

thermal stability of polyoxynmethylene. 25 Wile ”'mm d. t hat
the presence of these additives, ingredients ”limlrrmu
exert a . major influence on the elongati on of the®cdnpdsi i on,

(unl ess of course, such additives, ingredief’s, or Impurities are
present in grossly de- stab|I|Z|n 30 ann%?ts It is,recomrended that if

maxi mum t her mal af§*PTOTCIRG; 3gemte. G fitahi) izgrsy hBipgeyrsdy ABLRGI ene
conposition i s dediight, stbbﬁliturﬁiliﬁaléuuinyragents, adeirti canek, conponent s

of the conpositio 1a§Q°“ 9%tra¥luof§£¥ %ﬁ%p igble quantities of such
types of 35 addl |ves
: po ytetra uroethylene fiber, and fillers.
s 10. The composition of Claims 8 or 9 wherein the
thermal stabilizer is selected from polyamide,
polyethylene vinyl alcohol, polyacrylamide,
poly-beta-alanine, microcrystalline cellulose, and

mixtures thereof.

10 11. Shaped articles made from the composition of
Claim 1.
12. Shaped articles made from the composition of
Claim 6.
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0&5
%9 lc. Additional Ingredients It should be understood
Jthat the — conpositions of the present invention can include, in
addition to the pol yoxynethylene and the linear low. 5 density
pol yet hyl ene, other ingredients, nodifi ers, and additives as are
general ly used in pol yoxynet hyl ene di ng resins, including thermnal
stabilizers and co-stabilizers, anti-oxidants, pignents, colorants,
t ougheni ng agents (such as thernopl astpjé‘s cqPol yur et hanes), reinforcing
agents, uv stabilizers &es peci al | ose that are benzotriazoles or
benzophenones) PORYQY¥MEGHYKENE CONROST aﬁﬂﬁl SONTAINING dIRAR,| LOWt RENEITY
wher ei n t he hi pgeygdavetrefrpogen i s of tertiary amne functionality or
wherein the hindered 15 anine light stabilizer contains both a piperidine
or pi perazinone ring and a triazine ring), nucleating agents
(such as boronInbbrbdtaﬁiohMcﬁ olabticcamid weightsymrasntsi bfcdnmexry , low

pol yet hyl l¢

pol ytetr ?gﬁor tcéi %ne 1evﬁ%rﬂ@gfp%g§’rs an}t}‘sﬂﬁ%@ %)npog:&i%nszgesults in
improved elongatlon for such compositions. The compositon is useful
in preparing semi-finished and finished articles by any of the
techniques commonly used with thermoplastic materials.

-
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. Sui tabl e thefmbi St NirzEERE Tncl ude nyl on . terpolymers; g2 4>
pol y- bet a- al igﬁjém(%g“ﬁésgﬂ g in, for exampl e, West Ger man PBtibl i shed
appl n. 3715117); those stiabilizers disclosed in U S. patents
4,814,397: 25 {4,76B8ELeWI64, b4, 949; and 4,098, 984: those stabilizers
" disclosed injcp-pending U.S tent applichtion serial nunbers 327, 664
(preferably, | pol yacryl am de) d 483, 603 (preferably, mcrocrystalline
cel | ul ose), ' f any of ZRELEbove. 30 Preferred
antioxi dants incl UJPOLYOXYMETHYLENE COMPOSITIONS CONTAINING LINEAR

triethyl eneglycol bis(3-(3" -terjzhu admoh = o
nmet hyl phenyl ) propri onat e, w {’*{‘Sﬁx MLWLENE
N, N - hexamet hyl enebi s( 3, 5-di -t ert - but BACKGROBNB(y - hy - dr oci nnani de),

and m xturesg tWI d. also 35 be understood that some pignents
and col orants can,

This invention relates to polyoxymethylene -
compositions having increased eiongation at break due
to the inclusion therein of low levels of linear low
density polyethylene (hereinafter referred to as

10 “LLDPE~*). '

Polyoxymethylene, ‘also commonly referred to
as polyacetal, compositions are generally understood
to include compositions based on homopolymers of
formaldehyde, the terminal groups of which are
end-capped by esterification or etherification, as
well as copolymers of formaldehyde or of cyclic
oligomers of formaldehyde and other monomers that
yield oxyalkylene grodps with at least two adjacent
carbon atoms in the main chain, the terminal groups of
vhich copolymers can be hydroxyl terminated or can be
end-capped by esterification or etherification. The

proportion of the comonomers can.be up to 20 weight
percent. ' '

15

20

Compositions based on polyoxymethylenes of
relatively high molecular weight, i.e., 10,000 to
100,000 are useful in preparing semi-finished and
finished articles by any of the techniques commonly
used with thermoplastic materials, e.g., compression
molding, injection molding, extrusion, blovw molding,
rotational molding, melt spinning, stamping and
thermoforming. Finished articles made from such
compositions possess desirable physical properties,
including high stiffness, strength, low coefficient of
friction, and good solvent resistance. However, in
certain applications, it would be desirable to

.25

30

35
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10 . thensel ves, adversely affect the thernal
of polyoxynethylene conpositions but should not significantly af fect:
physi cal properties (provided there is sufficient dispersion of the

pigments or 5 colorants in the pol yoxynsthyl.ene). 2. Preparation of

t he conpositions The conpositions of the present invention
can be preparinicbgagexthe elengation atwhieak tqt the pol yet hyl ene, which

S?Pyﬂﬁﬁ'i?aé'i‘°f9§%§rt§?m@ siiporls 1§07 1Y ndidebadif ol voxymet vl ene

pol yoxynet hy| tnEentipineithe elongatdemn it inpeak 9f polyormethiilensi ve

m Xi ng devi ceigootnd Wonibey ﬂtﬂﬁ‘édded by Rited alndus Lo nEtpdrein cof
polyoxynethyl

2oYoE S SRR P o, S S b e

bl ade
| nternal ni xerawelyh, LIPPE+y heated external y or by friction,
" Ko- kneader s"

i eett o ol i mul ti bar e RS SEEShET0r the FResEht CORVEREDSA. M xers’
are useful in those applications where it is desired
to use a polyoxymethylene composition having increased
10 elongation at break.

Backaround Art

The references below provide background
information on polyolefin/thermoplastic resin

compositions. While some of these referencee disclose

or oxidative stability

15 of use of polyethylene in polyoxymethylene, none of
the references teach that use of lovw levels of linear
low density polyethylene, as opposed to other types of
polyethylenes, in polyoxymethylene acts to increase
elongation in polyoxymethylene. In fact, some of the

20

references teach that the opposite effect is achieved,
namely, that the inclusion of polyethylene into.
polyoxymethylene results in a decrease in the
elongation of the polyoxymethylene.

U.8. patents 3,704,275; 3,795,715; and
25 .980,734 disclose polyoxymethylene compositions

containing homo- and co-polymers of polyethylene. No

specific mention is made of linear low density
polyethylene.

U.S. patent 3,969,313 dlscloses compositions

10 comprised of a thermoplastic material, including
polyoxymethylene, and 5-70 weight percent of a
polyolefin composition comprised of a polyolefin and a
reactive inorganic filler. The polyolefins which may
be used include high density polyethylene, low density

35

polyethytl‘ene, crystalline polypropylene, crystalline
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20 machines, and extruders, both single screw and tw n ’ screw, both
co-rotating and counter rotating. These devi ces can be used al one or

in combination with static m xers, mxing torpedoes and/or various
devi ces to increase internal pressurg,and/or the intensity of 25
m xi ng, such as valves gates, or screws designed for thi s purpose.

EX:E relrjrg:;Zt 3{2 Eﬁﬂow vc\jhl ch sﬁi;;;g:la-nt degi%dat €f iebe:ﬁenﬂuct °d &
pol yoxynet hyl e/ £ QFlﬁ*?? odeuyeieghtcral iy, .
30 poIyoxynetuynsnsﬂnGmﬁhmlemewnrfpznpgienerwnéskeds thanb20vpencént|err] C
to 280[err]c, t r 0 éneand nost
preferably 195[36 ﬁgﬁ Mﬁéﬁwgﬁ@ﬁéi sé146tea fréﬁ &€§§

8 STl es can be
hade from t8e PTODYAARGs! bubhnesl, tpentenech: hewenerdn asmeshydy of 35

several conmmon pRptdwelsy, i-apauil-nethgPpeatena~av! di ng,

U.S. 4,670,508 discloses that the inclusion
of between 10-30 weight percent of ultra-high
molecular weight polyethylene, or a maleic anhydride

10 modified version thereof, into polyoxymethylene
results in a decrease in the elongatien at break of
the polyoxymethylene from 24% to less than 10%.

Japanese Kokai Patent No. 49-40346 discloses

that the elongation of polyoxymethylene is decreased

15 Dby the inclusion therein of 10% of high density
polyethylene (Table 1, Comparative Example 1), that
the inclucsion of 10t of linear low density
polyethylene decreases the elongation of
polyoxymethylene (Table V, Comparative Example 3},

20

that the inclusion of 10% of low density polyethylene

increases the elongation of polyoxymethylene slightly

from 7% to 10% (Table V, Comparative Example 2), that
the inclusion of 25% of high density polyethylene
decreases that elongation of polyoxymethylene (Table

25 VI, Comparative Exanples), and that the inclusion of

20t high molecular weight polyethylene increases the

elongation of polyoxynethyiene from 7% to 12%.

Japanese Tokukai No. 62-253650 disocloses

compositions containing polyoxymethylene and 2-30%

30 Ppolyethylene, said compositions having improved squeak
resistance. The reference teaches away fronm use of low
levels of polyethylene and from use of polyethylenes
having a melt index of less ‘than 10. There is no
mention of linear low density polyethylene in this.

as referenge, nor that the incorporation of linear low
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i nj ection nolding, extrusion, blow nolding, rotational nmol di ng, nelt
spi nni ng, and thernoform ng. Injection nol ding is preferred. Exanples

of 'shaped articles i nclude sheet, profiles, rod stock, film filanents

5 fibers, strapping, tape, tubing, and pipe. Such shaped articles can
be post treat ed by orientation, stretching, coating, annealing,

pai nting, |am nating, and pI ating. séch shaped articles and scrap
t herefrom

condit1 ons uARFHEY BOSYRERPTEne TR o1 Revmptiydiens, ABEVER "D, ccont

i nvention andtbﬁagbenqﬁtloneatnm%aﬁemnmmethYMQ- t enper at ur es
of about 170- 280[err] C uRkef &

195- 225 err] C vhen %ﬁglon ??Wm% d|&n&rmﬁ‘ejé% ﬂﬁéabl y

oviere ong | t #mg tq] OSI t 1 ons pBihe pr esent

in a thermoplastic po:l.ymeri.c uaterial, such a.s,
amongst others, a polyolefin, including polyethylene.
No specific mention is made of linear low density
polyethylene. -

10. SUMMARY OF THE INVENTION

The present invention relates to

polyoxymethylene cowpositions containing 0.2 to 3.0
vweight percent LLDPE, said weight percent being based
upon the weight of the polyoxymethylene and the.LLDPE.

15 The resultant polyoxymethylene compositions are
characterized as having improved elongation at break
over polyoxymethylene alone or polyoxymethylene with
other types of polyethylene. The resultant
compositions are useful in applications where it is

5o Gesired to use a polyoxymethylene composition having
{improved elongation.

It has been unexpectedl.y found in the
present invention that low levels of LLOPE

o5 Significantly increase the elongation at break of
polyoxymethylene compositions. Such an effect is
unexpected because certain types of polyethylene are
known to decrease, or, at most, to have no effect on,

the elongation at break of polyoxymethylene polywmers.
4o FOr example, U.S. Patent No. 4,670,508 provides

examples wherein the elongation at break of
polyoxymethylene is decreased from 27% to less than
10% by the inclusion therein of an ultra-high
molecular weight polyethylene. As another example,

a5 Japanese Kohai Patent No. 74/40346 teaches that 10% of
2 high density polyethylene in polyoxymethylene
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consistent with the intricacy of the shape being - produced. Generally,

the nold tenperature will be 10-120[err] C, preferably 10-100[err]C,
and nost preferably .20 about 50-9(err]C. In the follow ng
exanpl es, there are shown speci fic enbodi nents of the present

I nventi on and certain conparisons withSenbodi nents of control 25
experi-nents outside

he I|n1ts f the pres I nvent.ion.
seen that the coﬁﬁﬁgﬁFF 30t a éP géhéﬂvhfﬁﬁwﬂa%ian EL terlzed
by i nproved rebuﬂgammopoamaxmuuﬂhyﬁéqnﬂqpnanaﬂﬁﬁﬂnaneIm<ﬁm;ther

The conponents Ugg@chies! '%:‘im@‘igﬁj T e j{?{?d& et 1@“% has no
"POM' was an acet te end yoxymnet ne "ho havi ng a
nunber average © \%WW%&%t‘
"LLDPE 1" was a cuupusirlﬂldm Ayt lallge teichesatiat cmwlaﬂswty poI yet hyl ene
copol yner of ety §RGenylene-butene-1 copolymer (i.e., a LLDPE) has a
negative effect on the elongation of a
polyoxymethylene composition. Thus, the fact low
levels of LLDPE resulted in a significant increase in
10 the elongation at break of polyoxymethylene was quite
unexpected.
1. Composition
The compositions of the present invention
consist essentially of 97 to 99.8 weight percent of
15 component (a) polyoxymethylene and 0.2 to 3.0 weight
percent of .component (b) LLDPE. Preferably, the
compositions consist essentially of 97.0 to 99.65
weight percent of component (a) and 0.35 to 3.0 weight
percent of component (b). Most preferably, the
20 compositions consist essentially of 97.5 to 99.5
veight percent of component (a) and 0.5 to 2.5 weight
percent of component (b). All the above-mentioned
weight percents are based upon the weight percents of
components (a) and (b) only. It is further noted that
25 a highgr ioading of LLDPE may increase the elongation
at break of a polyoxymethylene composition but that .
such a higher loading may result in a loss of other
physical properties of the polyoxymethylene. Higher
loadings of LLDPE may also give rise to molded parts
30 having undesirable cha:acteristics, such as LLDPE and

polyoxymethylene separation'(de-lamination), sink
marks, flow marks, etc.
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12 and butene having a nelt flow rate of 20g/10 mn and a density
of 0. 929/ cnB. "LLDPE 2" was a commercially avail abl e

| i near. | ow density pol yethyl ene copol ynmer of ethylene 5 and butene having
anelt flowrate of 53g/10 mn and a density of 0.92g/cnB.

"LLDPE 3 was .a comrercially avail abl e ¢! inear low density polyethylene
copol yner of ethyl ene and butene having a nelt flowrate of 4g/10 mn

and a 10 density e WS a commercially
avail abl e The term “polyoxymethylene” as used herein
includes homopolymers of formaldehyde or of cyclic
oligomers of formaldehyde, the terminal groups of
which are end-capped by esterification or
etherification, and copolymers of formaldehyde or of
cyclic oligomers of formaldehyde and other monomers
that yield oxyalkylene groups with at least two
adjacent carbon atoms in the wain chain, the terminal
groups of which copolymers can be hydroxyl terminatead
or can be end~capped by esterification or
etherification.;

The polyoxymethylene used in the
compositions of the present invention can be branched
or linear and will generally have a number average
molecular weight in the range of 10,000 to 100,000,
preferably 20,000 to 75,000. The molecular weight can
ponvaniently be measured by gel permeation
chromatography in m-cresol at 160°C using.a Du Pont
PSH bimodal column kit with nominal pore size of 60
and 1600 A. Although polyoxymethylenes having higher
or lower molecular weight averages can be used, _.
depending on the physical and processing properties
desired, the polyoxymethylene molecular weight
averages mentioned above are preferred to provide
optimum balance of good mixing of the various
ingredients to be wmelt blended into the composition
with the most desired combination of physical

properties in the molded articles made from such
30 compositions.

10

15

20

25

As indicated above, the polyoxymethylene can
be either a homopolymer, a copolymer or a mixture
thereof. Copolymers can contain one or more
comonomers, such as those generally used in preparing

35 polyoxymethylene compositions. Comonomers more
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l'inear low density polyethylene copol ymer of ethylene and butene having

a nelt index of about 29¢g/1.0 m n and a density of about 0.92g/cnB.
15 . "LDPE" was a comercially avail able | ow density pol yet hyl ene
honopol ynmer having a nelt flow rate of 9129/ 10 m n and a density of
about 0.92g/cnferr]. Melt flow rates given above for LLDPE
and - LDPE acompendyriused mcmm adkylene loxidre O 2312 cardonli ti on

bet ween 0.9 and fo?c\l\eln%it per Cé—?bﬂfétﬁﬁﬂ%é] I’n’adésttsagfi tpont ai ned

lzer system
conprised of a

The \quantiliy oo GoRnms il Motk i n
accordance wit hu’a're than 0 w&i@ﬂ&ﬁeﬂ&&)tﬁrﬂrﬁmm trestp Qhor®rthan

0 0,
Combost i1 on T eethi UG peley, Und' vkt Wedektmy, ALE" YellY
percent of  Rendentidaithe mostnpreferred comonomew|is ethylenene. 30
oo T ans {PLERR SRS JORetism N 1Y
pol yet hyl ene gl mferred over copolymer because if Vfts grga
stiffness. Preferred polyoxymethylene homopolymers
10 include those whose terminal hydroxyl groups have been
end-capped by a chemical reaction to form ester or
ether groups, preferably acetate or methoxy groups,
respectively.
db, _Component (b): LLDPE
1s The component (b) YLLDPE” is linear lovw
density polyethylene. LIDPE is well known in the art.
LLDPE is commercially available or can be made by
techniques readily available to those skilled in the
art. Generally, LLDPE is prepared by polymerizing
20 ethylene or ethylene and alpha-olefin comonomers in
solution phase or gas phase reactors using tr&ns.ttion
metal catalysts, particularly Ziegler or Phillips
types, as initiators.

LLDPE generally has a density of less than
25 or equal to 0.94 graums per cubic centimeter. LLDPE
polymers can-be homopolymers of ethylene but usually,
they are copolymers of ethylene and an alpha-olefin
comonomer, such as, for example, propylene, butene,
pentene, hexene, 4-methyl-i-pentene, or octene.
30 Preferably, the LLDPE is an ethylene-butene copolymer.
It is understood by those skilled in the art
that LLDPE is separate and distinct from conventional-
low density polyethylene (hereinafter referred to as
LDPE). LDPE polymers have long chain branching while
35 LLDPE pg;ymers lack long chain branching in the
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| ubri cant having a nol ecul ar wei ght of 8,000. The use

of
t hermal -stabilizers, antioxidants, and lubricants 35 is not necessary for
the operability of the present

13
i nvention. They were used in the foll ow ng exanpl es to inprove therm
and oxidative stability and they do

not exert a mmjor influence on the
el ongati on of the conpositions tested. 5 Each conposition

was prepared as foll ows: t he corrponen?s of each corrp05|t|on were m xed
t oget her

screM/extruder\M%gﬁﬁﬁﬁﬁégg¢€ﬂﬁg?atu 8gn% €Ei°“nd°ﬁ;£ ggaﬁéhing tn
in LIDPE is due to the method by which it is produced.
LLDPE may contain additional add.itivg.s or
ingredients, such as antioxidants, customarily
5 'included in such polymers. Further, the LLDPE useful
herein can be incorporated into polyoxymethylene as
part of a color concentrate, In the color
concentrate, the LLDPE serves as a carrier resin.
Color concentrates are generally comprised of 1 to 90
percent by weight of pigments, such as carbon black, -
vwell dispersed in a carrier resin. In cases vhere
LLDPE is incorporated into polyoxymethylene as part of
a color concentrate, the weight percent LIDPE, in the
polyoxymethylene composition, will be the sawe as
givenh above, i.e., between 0.2 and 3.0 weight percent,

as based upon the weight of the polyoxymethylene and
the LILDPE.

10

15

Althougl; the LIDPE cin contain additional
additives or ingredients customarily included therein,
some of the additives or ingredients can have an
adverse effect on the oxidative or thermal stability
of polyoxymethylene. Further, the LEDPE may contain
some fmpurities that can have an adverse effect on the
oxidative or thermal stability of polyoxymethylene.

- While it is hot expected that the presence of these
additives, Lngtedi.ents, or i.upuri.ties will exert a
major influence on the elongation of. the oonposi.tion.
(unless of course, such additives, i.nqredients, or
impurities are present in grossly de-stabilizing
amounts) it is recommended that if maximum thermal and -
oxidative stability for the polyoxymethylene
composition is desired, then the LILDPE, and any
additional components of the composition, should not

containvappreciable quantities of such types of
additives, ingredients, or impurities.
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of 150[err]C to 180[err]C, a die tenperature setting of 200[err]C, 10 and

a screw speed of 150 rpm The tenperature of the nelt as it exited the
die ranged from 205[err]C to 213[err]C. The product exiting the die was
guenched in a water- bath and-pel |l etiged. Each

conposi tion was nolded into- ten5|le 15 bars ceonformng to the dinensions
stated in ASTM : 88 inch thick), on a HPM

Sbout. B3l err]C {“ﬁ'e"LQ?re CF%E%& %8, Wr&@@@@ﬁ“ée%se between 1800 er ] C
and 190[ er r | C, composétionspesdthe pmseat;oimsﬁnttlna cop| dnelndevwadnabout 65

; ngnds] Cand adaitkent esrehat gogys {:hymeﬁebahueeﬂelszheh&] foand
err

pl aced in ﬁn.s9&P§1F¥gRP1¥§E§¥hF egfégﬂggﬁhp Hﬁbg £s7 gg%iﬁ5§e§n9nd

stored at roonhdditévesune hre géndmllgSusedi dn polybxywethylenest i ng.
The 21 day wai fip8

anneal i ng ngrés?éﬁ |n|F3dé§%FPw%néoF8%?ﬁ%hlc%ggi&&:?ﬁﬁkngngigg

occur for poly oHOXaMtS af t er
this 21 day \Natbngnemmgod;qudﬂs [(such) as themoplastic

10 polyurethanes), reinforcing agents, uv stabilizers
(especially those that are benzotriazoles or
benzophenones), hindered amine light stabilizers
(especially those wherein the hindered nitrogen is of
tertiary amine functionality or wherein the hindered

15 amine light stabilizer contains both a piperidine or
piperazinone ring and a triazine ring), nucleating
agents (such as boron nitride or talc), lubricants
(such as siliconé oil, polyethylene gliycol, and
ethylene bis-stearamide), glass, .

20 polytetrafluorocethylene powder or fibers and fillers.

Suitable thermal stabilizers include nylon
terpolymers; poly-beta-alanine (as described in, for
example, West German published appln. 3715117): those
stabilizers disclosed in U.s. ﬁatents 4,814,397;

25 4,766,168; 4,640,949;7 and 4,098,984; those stabilizers
disclosed in co-pending U.S. patent application serial
numbers 327,664 (preferably, polyacrylamide) and
483,603 (preferably, microcrystalline cellulose); and
mixtures of any of the above.

30 Preferred antioxidants include
triethyleneglycolbis(3~(3/~tert-butyl-4’-hydroxy-57-
methylphenyl)proprionate,

N,N’=hexamethylenebis (3,5-di-tert-butyl-4~-hydroxy-hy-
drocinnamide), and mixtures thereof. It should also

35 be understood that some pigments and colorants can,
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30 relatively constant over time. For 48 hours prior to

el ongational testing, the test sanples were condi tioned at 23[err]C
and 50 percent relative humdity to.all ow the sanples to reach
noi-sture equilibration. Sanpl es vveré'%t hen tested for el ongation using

ASTH 35 D GeRebR1N, S e I HNGR" ot Lala” o) RN Ave
Exanpl es 1-2 affeBiddty of palygyymethylene compasifions: hut shoulds ) s
t her eon, anetdedgniificantiialdffdct lpHysical properties (provided
there is sufficient dispersion of the pigments or
5 colorants in.the polyoxymethylene).
o] e [o]

The compositions of the present invention
can be prepared by mixing the linear low density
polyethylene, which can optionally contain pigments or
colqrants, with the polyoxymethylene polymer at a
temperature above the melting point of-the
polyoxymethylene component of the compositions using
any intensive mixing device conventionally used in
preparing-thermoplastic polyoxymethylene compositions,
such as rubber mills, internal mixers such as
“Banbury” and “Brabender” mixers, ‘single or multiblade
internal mixers with a cavity heated externally or by
friction, “Ko-kneaders”, multibarrel mixers such as
*Farrel Continuous Mixers”, injection molding
machines, and extruders, both single screw and twin
screvw, both co-rotating .and counter rotating. These
devices can be used alone or in combination with
static mixers, wmixing torpedoes and/or various devices

- to increase internal pressure and/or the .1ntensity of
mixing, such as valves, gates, or screws designed for
this purpose. Extruders are preferred. Of course,
such mixing should be conducted at a temperature below
vhich si.qnificant degradation of the polyoxymethylene
component of the composition will ‘occur. Generally, .

30 polyoxymethylene compositions are melt brocessed

between 170°C to 280°'C, preferably between 185°'C to
240°C, and most preferably 195°C to 225°¢C,

- 8haped articles can be made from the .
compositions of the present invention using any of
several common methods, including compression molding,

10

15

20

25

35
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5 . The inclusion of 1% of LLDPE into pol yoxynet hyl ene
significantly increased the el ongation at break of pol yoxynethyl ene

from27. 4% (Control Exanple ) to 52.0% (Exanple 1) and 39. 6%
(Exanple 2). In contrast, the inclusion of ,1% of LDPE 10 into

pol yoxynet hyl ene (Control Exanple C2) had 1 essentially no effect on the
$kgﬂgaf'ig of tfRjectiBh ¥OLUIRGDY eRRPusion, blow molding, rotational

Per cent Inpr Eg.
W. % melgAa BFLE SpiAIBEa 3 SherRotoRpinghy JORELIR
Br eak Rel ablddndo i€l preferréd. Examples of shaped ﬁfﬁﬂ&ies

s0.60% ayde eheer, pibtifes.orop stockl gidy, cilamehek? 7o 2
5 fibers, strapping, tape, tubing, and pipe. Such
shaped articles can be post treated by orientation,
stretching, coating, annealing, painting, laminating,
and plating. Such shaped articles and scrap therefron
.can be ground and remolded.

10 Processing conditions used in the
preparation of the -compositions of the present
invention and shaped articles made therefrom include
melt temperatures of about 170-280°C, preferably
185-240°C, most preferably 195-225°C. When injection

.15 wolding the compositions of the present invenfion, it
is. preferred that the mold be as cold as possible
consistent with the intricacy of the shape being
produced. Generally, the mold temperature will be
10-120°C, preferably 10-100°C, and most preferably

20 about 50-90°C. ' ' '

EXAMPLES

In the following examples, there are shown
specific embodiments of the present invention and
certain comparisons with embodiments of control

25 experiments outside the 1imits of the present
invention. It will be seen that the compositions of
the present invention are characterized by improved
elongation over that of polyoxymethylene alone.

The components used in the Examples below

30 Were as follows:

*POM” was an acetate end-capped
polyoxymethylene homopolymer having a number average
molecular weight of about 40,000.

“LLDPE 1¥ was a commercially available

35 linear lgy density polyethylene copolymer of ethylene
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*Determ.ned by the follow ng fornul a:

-1 x 100% 25. Cl El ongation at Break
EXAMPLES 3 - 14

The conponents of Exanples 3-14 and Control
Exanple 3 are listed in Table |

, bel ow. The results for
each exanple showed that the 30 I ncl usi on of between 1% and 3% i near
| ow density

pol yet hyl ene into pol ygyynet hyl ene significantly
i ncreased the el ongation of pol yoxynethyl ene.

15 and butene having a melt flow rate of 20g/10 min and a
density of 0.92g/cm3.

Sanpl e El ongation at Break

*LILDPE 2* was & commercially available
linear low density polyethylene copolymer of ethylene

s and butene having a melt flow rate of 53g/10 min and a
density of 0.92g/cm3.

*LILDPE 3* was a commercially available
linear low density polyethylene copolymer of ethylene
and butene having a melt flow rate of 4g/10 min and a
10 density of 0.92g/cm3.
_ ) #LIDPE 4% was a commercially available
) linear low density polyethylene copolymer of ethylene

and butene having a melt index of about 29g/10 min and
a density of about 0.92g/cm3.

#LDPE” was a commercially available low
density polyethylene homopolymer having a melt flow
rate of 12g/10 min and a density of about 0.92g/cm3.

Melt flow rates given above for LLDPE and

LDPE are determined in accordance with ASTM D1238,
20 Conditioh E:

15

Each coméosition tested a&ditionally

contained between 0.9 and 1.0 weight percent -of a
thermal stabilizer system compriséd of a poly(ethylene
vinyl alcohol) copolymer (prepared in accordance with
U.S. Patent 4,766,168) and a nylon terpolymer
comprised of 33% nylon 66, 23% nylon 6/10, and 43%
nylon 6. Each composition tested also contained
between about 0.1 and 0.15 weight percent of
antioxidants recommended for use in polyoxymethylene.
30 All compositions tested contained the same

antioxidant. The compositions tested each contained

about 0.5 weight percent of a polyethylene glycpi

lubricant having a molecular weight of 8,000. The use

of thermal..stabilizers, antioxidants, and lubricants
15 is not necessary for the operability of the present

25

e )
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TABLE | I

Sanpl e Per cent | nprovenent

Eg. - W. % El ongati on I n El ongation No. Pol yet hyl ene
At  Break Rel ative To C3* 5 C3 - 26. 7%
0% 3 1% LLDPE 1 54. 9% 1 106% 4 2% LLDPE
1 63 8% 139% 5 39 LLDPE 1 41. 3%
55% ~ E 2 0 2% LLDPE
> 33, 6(yin349\{:kgg 'I‘Bg uer@ ugé‘h in &lﬂ_ 63&3%4&1\% exaﬁglg(%
90% 9 to | dimprome ghermnl and datiVe stab&@@%y and they do 5,
;$5P553 15 naibaﬁhrt a4major 4&%%§§§ce bh thelﬂﬁd#ggﬂidh gﬁgthe 3§¢9%)

0 0 0 0 0
LLDPE 4 °2%‘.6f%|1%%"5 testeds,, 3% LLDPE 4 © 46. 9%
76% & Det er ni ned byEache daxpanditie &mlmpared ‘as follows:

the components of each composition were mixed together
and melt compounded on a 28mm Werner and Pfleiderer
twin screw extruder with barrel temperature settings
of 150°C to 180°C, a die temperature setting of 200°C,

30 and a screw speed of 150 rpm. The temperature of the
melt as it exited the die ranged from 205°C to 213°C.
The product exiting the die was guenched in a water
bath and-pelletized.

Each compositioﬁ was molded into tensile

15 bars conforming to the dimensions stated in ASTM
D~638, specimen type I (1/8 inch thick), on a-HPM
screvw injection molding machine. The mold temperature
setting was .about 88°C, the barrel temperature ‘
settings were between 180°C and 190°C, the screw ,speed

20 was 100 rpm, the cycle time was about 65 seconds, and
the ;emperature of melt was between 182°C and 204°C.

The injection molded test specimens were

placed in moisture-~tight vacuum sealed aluminum foil
packages and stored at room temperature for 21 days

25 prior to elongation testing. The 21 day waiting
period allows for completion of post molding annealing
{crystallinity equilibration) which is well known- to
occur for polyoxymethylene. Elongational properties
measured after this 21 day waiting period will rewmain

30 relatively constant over time. For 48 houfs prior to
elongational testing, the test samples were
conditicned at 23°C and 50 percent relative humidity
to allovw the éamples to reach moisture equilibration.
Samples were then tested for elongation using ASTM

3s D=-638 prcgedure, at an extension rate of 0.2 inch/min.
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20 ‘Sanpl e Elongation at Break -1 x 100% C3 El ongation

at Break 1. A conposition consisting essentially of
(a) 97-99.8 wei ght percent of a pol yoxynet hyl ene pol yner

and 5 (b) 0.2-3.0 weight percent of a linear |ow
density pol yet hyl ene wherein the wei ght percents are based upon the

wei ght of conponent (a) and (b) only. 14
EXAMPLES 1-2

The components for Examples 1-2 and Control
Examples C1-C2, along with the test results thereon,
are described in Table I, below.

" The inclusion of 1% of LLDPE into
polyoxymethylene significantly increased the
elongation at break of polyoxymethylene from 27.4%
(Control Example Cl1) to 52,0% (Example 1) and 39.6%
(Example 2). In contrast, the inclusion of 1% of LDPE
into polyoxymethylene (Control Example C2) had
essentially no effect on the -élongation of the
polyoxymethylene.

10

ABLE
15

Sauple ) Percent Improvement
Wt. &

Elongation In Elongation
Polyethylene LAt _Break e e Cix

- 27.4% ' 0%
1.0% LLDPE 1 52.0% _ 90%
1.0% LLDPE 2 - 39.6% 45%
1.0% LOPE 1 29.3% 7%

20

Y

*Determined by the following formula:
Sample Elongation at Break -3 x 100%
25 Cl Elongation at Break _
The components of Examples 3-14 and Control
Example 3 are listed in Table II, below. _
The results for each example showed that the
10 inclusion of between 1% and 3% linear low density
polyethylene into polyoxymethylene significantly
increased the elongation of polyoxymethylene. .
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2. The eonposition of aim1l wherein the 10 pol yoxynethyl ene polyner is

a honopol yner . 3. The conposition of Caim1l wherein the

pol yoxynet hyl ene polynmer is a copol yner. ' 4. The conposition of
Claim1 wherein the - l'inear Iom1densit¥5polyethylene is a copol yner of
15 ethylene and an al pha-ol efin conmononer: 5. The conposition

of daim1l wherein the | i near lo“ﬁﬂgﬁ§i¥§ pol yethylene is a
honopol ymer of et hyl ene. e conposition of daiml

wherein the 20 l'inear |ow density pokumplel ene peraeft’ Inpirov@mefti N

a col or concentEgte. Wt. ¢ 7. TBongagpdenti on ofnCEaongatibarei n the
col or concleair at Bolvethypeneed oAt| Beeakei ght Reletdve To cpitanent and
10-99 wei ght peggent |ineaL |ow density,gdqee polyethylene 8.
The conposi®Pion of Claim 1 further conprising at |east one of
thermal . stabiliz8rs, 1% LLPBEslapilizeP4-93ntioxi dants1OB¥gments,
col orants, 4toughzn|ngnpgents rei ghQesi Nng agents, jblggst abili zers,
5 3% LLDPE 1 . 41.3% 55%
6 1% LIDPE 2 60.8% 128%
10 7 2% LLDPE 2 33.6% 26%
8 3% LLDPE 2 50.8% 90%
9 1% LLDPE 3 41.0% 54%
10 2% LLDPE 3 37.3% 40%
11 3% LLDPE 3 33.9% 27%
1s 12 1% LLDPE 4 47.1% 76%
13 2% LLDPE 4 47.1% 76%
14 ag LLDPE 4 46.9% 76%

*Determined by the following formula:

Sample Elongation at Break -3 x 100%
20 C3 Elongation at Break
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30 hindered amine light stabilizers,

gl ass, pol ytetrafl uoroethyl ene powder, pol yt et raf | uor oet hyl ene fi ber,
and fillers. 9. The conposition of clalm

conprising at |east one of thermal stabilizers, ‘mmmmmm' '"’
anti oxi,dants, toughening agents, lé
reinforcing agents, UV stabilizers, hindered am ne | i ght stablllzers

nucl eating agents, |ubricants, gl aELAIHMS yt et raf | uor oet hyl ene powder
pol ytetrafluroethyl gne fabeompaadtiidd Yonsisting essentially of

(a) 97-99.8 weight percent of a
polyoxymethylene polymer and
(b} 0.2~3.0 weight percent of a linear 1ow
density polyethylene
wherein the weight percents are based upon the weight
of component (a) and (b) only.

2. The composition of Claim 1 wherein the
polyoxymethylene polymer is a homopolymer. .
3. The composition of Claim 1 wherein the

polyoxymethylene polymer is a copolymer.

4. The composition of Claim 1 wherein the -
linear low density polyethylene is a copolymer of
ethylene and an alpha-olefin comonomer.

5. The composition of Claim 1 wherein the

linear low density polyethylene is a homopolymer of
ethylene.

6.

nucl eati ng agents, | ubri cants,

10

15

The composition of Claim 1 wherein the

linear low density polyethylene is a carrier resin in
a color concentrate.

Te.

20

The composition of Clain 6 wherein the color
concentrate is comprised of 1-90 weight percent _

pigment and 10-99 weight percent linear low density
25 polyethylene. |

8. -The composition of Claim 1 further
comprising at least one of thermal stabilizers,
co-stabilizers, antioxidants, pigments,.colorants,
toughening aéents, reinforcing agents, UV stabilizers,

30 hindered amine light stabilizers, nucleating agents,
lubricants, glass, polytetrafluoroethylene powder,
polytetrafluorocethylene fiber, and fillers.

9. The composition of Claim 6 further
comprising at least one of thermal stabilizers,

a5

co-stabilizers, antioxidants, toughening agents,
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5. .10. The conposition of Clains 8 or 9 wherei.n_the = . therpal

stabilizer is selected from pol yam de, pol yet hyl ene vi nyl al cohol,

pol yacryl am de, pol y- bet a- al ani ne, m crocrys '", i and

m xtures thereof. 110 11. Shaped articles mammmmm (lm gm,osmion of
Claima1l. - 12. Shaped articles nqﬁ; from the ‘cofpo’i tY ort of

Cl ai m 6.

reinforcing agents, UV stabilizers, hindered um;ne
light, stabilizers, nucleating agents, lubricants,
glass, polytetrafluoroethylene powder,
polytetrafluroethylene fiber, and fillers.

5 10. The composition of Claims 8 or 9 wherein the
thermal stabillizer is selected from polyamide,
polyethylene vinyl alcohol, polyacrylamide,

poly-beta-alaniﬁé. microcrystalline cellulose, and
mixtures thereof.

10 11. shaped articles made from the composition of
Claim 1. .
: 12. Shaped articles made from the composition of

Claim 6.




18

POLYOXYMETHYLENE COMPOSITIONS CONTAINING LINEAR LOW DENSITY
POLYETHYLENE

ABSTRACT

Incorporation of 0.2 to 0.3 weight percent of linear low
density polyethylene into polyoxymethylene compositions results in
improved elongation for such composit’ions. The compositon is useful
in preparing semi-finished and finished articles by any of the
techniques commonly used with theméplastic materials.
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