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POLYOXYMETHYLENE COMPOSITIONS CONTAINING LINEAR 
LOW DENSITY POLYETHYLENE 

DACKGBOUHD 
5 Technical Field 

This invention relates ·-~j:.o polyoxymethylene 
compositions havinq increas~d elongation at break due 
to the inclusion therein o~ 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 qroups of which are 

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

20 which copolymers can be hydroxyl terminated o~ can be 
end-capped by esterification or etherification. The 
proportion of the comonomers can.be up to 20 weight 
percent. 

Compositions based on polyox:ymethylenes of 
25 relatively.high molecular weight, i.e., 10,000 to 

100,000 are useful in preparing semi-finished and 
f inisbed articles by any of the techniques commonly 
used with thermoplastic materials, e.g., compression 
molding, injection molding, extrusion, blow molding, 

30 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 

35 certain ~pplications, it would be desirable to 
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increase the elonqation at break of the 

polyoxymethylene composition. By the present 

invention, the elongation at break of polyoxymethyl~ 

is .found to be increased by the inclus~on therein of 

s low levels of a particular tYpe of polyethylene: 

namely, LLDPE. 
The compositions of the present invention 

are useful in those applications where it is desired 

to use a polyoxymethylene composition having increased 

10 elonqation at break. 
Background Art 

~he references below provide background 

inf orm.ation on polyolef in/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 

elonqation in polyoxYlllethylene. In fact, some o.f the 

20 ~eferences teach that the opposite effect is achieved, 

namely, that the inclusio~ of polyethylene into­

polyoxymethylene results in a decrease in the 

elongation of the polyoxymethylene. 

U.S. patents 3,704,275~ 3,795,7151 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 discloses compositions 

30 comprised of a thermoplastic material, includinq 

polyoxymethylene, and 5-70 weiqht percent of a 

polyolef in composition comprised of a polyolef'in and a 

reactive inorqanic filler. The polyolefins which may 

be used include high density polyethylene, low density 

35 polyeth~~ene, crystalline polypropylene, crystalline 
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polybutene, poly-J-methyl-butene-1, poly-4-pentene-l, 

and copolymers comprising more than about 80 weiqht 

percent ethylene or propylene and less than 20 percent 

by weiqht of a comonomer selected from ethylene, 

5 propylene, butene-1, pentene-1, hexene-1, 3-methyl 

butene-1, ·and 4-methyl pentene-1. 

U.S. 4,670,508 discloses that the inclusion 

of between 10-30 weight percent of ultra-hiqh 

molecular weight polyethylene, or a maleic anhydride 

10 modified version thereof, into polyoxymethylene 

results in a decrease in the elonqation at break of 

the polyoxymethylene from 24t to less than 1ot. 

Japanese Kokai Patent No. 49-40346 discloses 

that the elonqation of polyoxymethylene is decreased 

15 by the inclusion therein of 10% of high density 

polyethylene (Table 1, Comparative Example 1), that 

the inclusion of 1ot of linear low density 

polyethylene decreases the elonqation of 

polyoxymethylene (Table v, Comparative Example 3), 

20 that the inclusion of 10% of low density polyethylene 

increases the elongation of.polyoxymethylene slig~tly 

from 7t to 10\ (Table V, Comparative Example 2}, that 

the inclusion of 25t of high density polyethylene 

decreases that elongation of polyoxymethylene (Table 

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

20t high molecular weight polyethylene increases the 

elongation of polyoxymethylene from 7\ to 12\. 

Japanese Tokukai No. 62-253650 discloses 

compositions containinq polyoxymethylene and 2-30% 

30 polyethylene, said compositions having improved squeak 

resistance. The reference teaches away from u~e of low 

levels of po~yethylene and from. use of polyethylenes 

having a melt index of iess -than 10. There is no 

mention of linear low density polyethylene in this 

35 reference, nor that the incorporation of linear low .,.,--
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density polyethylene into polyoxymethylene improves 
the elongation at break of .the polyoxymethylene. 

u.s. 3,377,313 discloses polyoxymethylene 
compositions containing a dispersion of carbon black 
in a thermoplastic polymeric material, such as, 
amongst others, a polyole.fin, 'includinq polyethylene. 
No specific mention is made of linear low density 
polyethylene. 

SUMMARY OF TUE DJVENTION 
The present invention relates to 

polyoxymethylene compositions containing 0.2 to J.O 

weight percent LLDPE, said weight percent being based 
upon the weight of the polyoxymethylene and the.LLDPE. 
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 usefui in applications where it is 
desired to use a polyoxymethylene composition having 
improved elongation. 

DETAILED DESCRIPTION OF THE DWEN'J.'ION 
It has been unexpectedly found in the 

present invention that low levels of LLDPE 
significantly increa~e 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. 
For example, U.S. Patent No. 4,670,508 provides 
examples wherein the elongation at break of 
polyoxymethylene is decreased frott\ 27% to less than 
lOt by the inclusion therein of an ultra-high 
molecul~r weiqht polyethylene. ·As another example, 
Japanese Kohai Patent No. 74/40346 teaches that 10% of 
a hiqh de~sity polyethylene in polyoxymethylene 
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resu~ts in a 30t decrease in the elonqation of the 
resultant polyoxymethylene composition. It further 
teaches that 10% of a low density polyethylene has no 
effect on the elon9ation of a polyoxymetbylene 

5 composition. It also teaches that 10\ of a 
polyethylene-butene-1 copolymer (i.e., a LLDPE) has a 
negative effect on the elonqation of a 
polyoxymethylene composition. Thus, the fact low 
levels of LLDPE resulted in a significant increase in 

10 the elongation at break of po~yoxymethylene was quite 
unexpected. 
1. Composition 

The compositions of the present invention 
consist essentially of 97 to 99.8 weiqht 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 
weiqht 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 9~.s 
weiqht percent of component (a) ·and o. 5 to 2. 5 weight 
percent of component (b). All the above-mentioned 
weiqht percents are ba·sed upon the weiqht percents of 
components (a) and (b) only. It is further noted that 

25 a hiqher ioadinq 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 
phys.ical properties of the polyoxymethylene. Higher 
loadinqs of· LLDPE may also give rise to molded parts 

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

35 F' -----------
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la. Component Cal: Polyoxymethylene 
The term •polyoxymethylene• as used herein 

includes homopolymers o~ formaldehyde or of cyclic 
oliqomers of formaldehyde, the terminal qroups of 

5 which are end-capped by esterif ication or 
etherification, and copolymers of formaldehyde or of 
cyclic oliqomers of formaldehyde and ·other mon~mers 
that yield oxyalkylene qroups with at least two 
adjacent carbon atoms in the main ·chain, the terminal. 

10 qroups Of Which copolymers can be hydroxyl terminated 
or can b~ end-capped.by esterification or 
etherif ication. 

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

15 or linear and will qenerally have a number average 
molecular weight in the range of 10,000 to 100,000, 
preferably 20,000 to 75,ooo. The molecular weight can 
conveniently be measured by qel permeation 
chromatography in m-cresol at 16o·c using.a Du .Pont 

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

25 averages mentioned above are preferred to provide 
optimum balance of qood mixing o~ the various 
ingredients to be melt blended into the composition 
with the most desired colllbination 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 or more 
comonomers, such as those generally used in preparing 

35 polyoxymethylene compositions. Comonomers more 
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commonly used include alkylene oxides of 2-12 carbon 
atoms and their cyclic addition products with 
formaldehyde. The quantity of comonomer will not be 
more than 20 weiqht percent, preferably not more than 

s 15 weiqht percent, and most preferably about 2 weiqht 
percent. The most preferred comonomer is ethylene 
oxide. Generally polyoxymethylene homopolymer is 
preferred over copolymer because if its qreater 
stiffness. Preferred polyoxymethylene homopolymers 

10 include those whose terminal hydroxyl qroups have been 
end-capped by a chemical reaction to form ester or 
ether qroups, preferably acetate or methoxy groups, 
respectively. 

lb. Component Cbl: LLPPE 
is The component (b) 'LLDPE* 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. Gener~lly, LLDPE is prepared by pol~erizinq 

20 ethylene or ethylene and alpha-olefin comonomers in 
solution phase or qas phase reactors using trans~tion 
metal catalysts, particularly Ziegler or Phillips 
types, as initiators. 

LLDPE generally has a density of less than 
25 or equal to 0.94 grams per cubic centimeter. LLOPE 

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-1-pentene, or octene. 

30 Preferably, the LLDPE is an eth~lene-~utene copolymer. 
It is understood by those skilled in the art 

that LLDPE is separate and distinct from conventional 
low density polyethylene (herein~fter referred to as 
LOPE). LDPE polymers have long chain branching while 

35 LLDPE polymers lack long chain branching in the 
~· .~ . 
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molecular structure. The lack of lonq chain branching 

in LLDPE is due to the method bY. which it is produced • • 
LLDPE may contain additional additives.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 concen~rate~ Xn the color 

concentrate, th"e LLDPE serves as a carrier resin. 

Color concentrates are generally comprised of 1 to 90 

10 percent by weiqht 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 qiveh above, i.e., between 0.2 and 3.0 weight percent, 

as based upon the weight of the polyoxymetbylene 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 poly~xymethylene. 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, ingredients, or impurities will exert a . . 
major influence on the elonqation of. the composition, 

; 

(unless of course, such additives, inqredients, 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 LLOPE, and any 

additional components of the composition, should not 
containFappreciable quantities of such types of 

35 additives, ingredients, or impurities. 
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ic. Additional Ingredients 
It-should be understood that the 

compositions of the present invention can include, in 
addition to the polyoxymethylene and the linear loW 

s density polyethy_lene, other inqredients, modifiers and 
additives as are qenerally used in polyoxymethylene 
moldinq resins, includinq thermal' stabilizers and 
co-stabilizers, anti-oxidants, pigments, colorants, 
tougheninq aqents (such as thermoplastic 

10 polyurethanes), reinforcing aqents, uv stabilizers 
(especially those that are benzotriazoles or 
benzophenones), hindered amine liqht stab~lizers 
(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 rinq and a triazine rinq), nucleating 
agents (such as boron nitride or talc), lubricants 
(such as silicone oil, polyethylene qlycol, and 
ethylene bis-st.earam-ide), glass, 

20 polytetrafluoroethylene 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 4,766,1681 4,640,9491 and 4,098,9841 those stabilizers 
disclosed in co-pending u.s. patent application serial 
numbers 327,664 (preferab1y, polyacry1amide) a~d 
483,603 (preferably, microcrystalline. cellulose); and 
mixtures of a,ny of the above. 

· JO Preferred antio~idants include 
triethyleneglycolbis(J-(3'-tert-butyl-4'-hydroxy-5'­
methylphenyl)proprionate, 
N,N'-hexamethylenebis(3,S-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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themselves, adversely affect the thermal or oxidative 
stability of polyoxymetbylene compositions but should 
not significantly affect physical properties (provided 
there is sufficient dispersion of the pigments or 

s colorants in the polyoxymethylenej. 
2. Preparation of the Compositions 

The compositions of the present invention 
can be pr~pared by mixing the linear low density 
polyethylene, which can optionally contain pigments or 

io colorants, with the polyoxymethylene polymer at a 
temperature above the melting point of ·the 
polyoxymethylene component of the compositions using 
any intensive·mixtng device conventionally used in 
preparing·thermoplastic polyoxymethylene 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 Continuous. Mixers•, injection molding 

20 machines, and extruders, both single screw 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 deqradation of the polyoxymethylene 

component of the composition will occur. Generally, 
30 polyoxymethylene compositions are melt processed 

between i1o•c to 2so•c, preferably between iss•c to 
24o·c, and most preferably 19s•c to 22s·c. 

Shaped articles can be made from the . 
compositions o~ the present invention using any of 

35 several common methods, including compression molding, 
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injection molding, extrusion,· blow molding, rotational 
molding, melt spinning, and thermoforming. Injection 
moldinq is preferred. Examples of shaped articles 
include sheet, profiles, rod stock, film, filaments, .. 

5 ~ibers, strapping, ·tape, tubing, and pipe. Such 
shaped articles can be post treated by orientation, 
stretching, coatinq, annealinq, paintinq, laminating, 
and plating. such shaped articles and scrap therefrom 
can be qround and remolded. 

10 Processinq conditions used in the 
preparation of the compositions of the present 
invention and shaped articles made therefrom include 
melt temperatures of about 170-2so·c, preferably 
18s-24o•c, most preferably 19s-22s·c. When injection 

·15 molding 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 
produc~d. Generally, the mold temperature will be 
10-12o•c, preferably 10-1oo•c, and most preferably 

20 about so-go•c. 
EXAMPLES 

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

25 exper~ments 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 polyoxymethy1ene alone. 

The components used in the Examples below 
JO were as follows: 

35 

•POM• was an acetate end-capped 
polyoxymethylene homopolymer having a number average 
molecular weiqht of about 40 ,·OOO • 

'LLDPE 1• was a commercially available 
linear low density polyethylene copolymer of ethylene 

1··· 
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and butene havinq a melt flow rate of 20q/10 min and a 
density of 0.92g/cm3. 

6 LLDPE 2• was a commercially available 
linear low density polyethylene copolymer of ethylene 

5 and butene havinq a melt flow rate of 53q/10 ~in and a 
density of 0.92q/cm3. 

6 LLDPE 3• was a commercially available 
linear low density polyethylene copolymer of ethylene 
and putene havinq a melt flow rate of 4g/10 min and a 

10 density of 0.92q/cm3. 
•LLOPE 4• was a commercially available 

linear low density polyethylene copolymer Qf ethylene 
and butene having a melt index of about 29q/10 min and 
a density of about 0.92q/cm3. 

15 •LOPE" was a commercially available low 
density polyethylene homopolymer havinq a melt flow 
rate of 12q/10 min and a density of abqut 0.92q/cm3. 

Melt flow rates given above for LLDPE and 
LOPE are determined in accor~ance with ASTM 01238, 

20 Condition E. 

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

25 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 polyoxy.methylene. 

30 All compositions tested.contained the same 
antioxidant. The compositions tested each contained 
about o.s weiqht percent of a polyethylene qlyc~l 
lubricant having a molecular weight of 8,000. The use 
of therma~-stabilizers, antioxidants, and lubricants 

35 is not necessary for the operability of the present 
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invention. They were used in the following examples 
to improve thermal and oxidative stability and they do 
not exert a major influence on the elongation of the 
compositions tested. 

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 iso•c to 1so·c, a die temperature setting of 2oo•c, 

10 and a screw speed of 150 rpm. The temperature of the 
melt as it exited 'the die ranged from 2os•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 as•c, the barrel temperature 
settings were between 1ao·c and 19o·c, the screw speed· 

20 was 100 rpm, the cycle time was about 65 seconds,. and 
the temperature of melt was between is2•c and 204•c. 

The injection ~olded test specimens were 
placed in moisture-tight vacu'?-m sealed alumi_num foil 
packages and stored at room temperature for 21 days 

2s 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. . Elon9ati·onal properties 
measured after this 21 day waiting period will remain 

30 relatively constant over time. For 48 hours prior to 
elonqational 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 pro9~dure, at an extension rate of 0.2 inch/min. 
,• 
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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. 

s The inclusion of 1% of LLDPE into 
polyoxymethylene significantly increased the 
elonqation 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 LOPE 

10 into polyoxymethylene (Control Example C2) had 
essentially no effect on the elonqation of the 
polyoxymethylene. 

15 

20 

25 

30 

35 

~ABLE I 

Sample Percent Improvement 
Eg. Wt. t Elongation In Elongation 
~ foly:ethy:;J.ene At Bx:eak Rel,at2,ve To Cl* 
Cl 27.4% 0% 

1 1.ot LLD PE 1 52.0\ 90% 

2 1.0% LLD PE 2 39.6% 45% 
C2 1.0% LOPE 1 29.3% 7t 

•Determined by the following formula: 

Samp;J.e Elongation at Break -1 x 100% 
Cl Elongation at Break 

EXAMPLES J ~ 14 . 
The components of Examples 3-14 and Control 

Example 3 ar~ listed in Table XI, below. 
The results for each example showed that the 

inclusion of between 1% and 3% linear low density 
polyethylene into polyoxymethylene significantly 
increased the elongation of polyoxymethylene. . 
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35 

•Determined by the following formula: 
sample Elongation at Bre.ak -1 

C3 Elongation at Bre~k 
x 100% 
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CLAIMS 

1. A composition consis·ting essentially of 
(a) 97-99.8 weight percent of a 

polyoxymethylene polymer and 
5 (b) 0.2-3~0 weight percent of a linear low 

density polyethylene 
wherein the weight percents are based upon the weight 
of component (a) and (b) only. 

2. The composition of Claim l wherein the 
10 polyoxymethylene polymer is a homopolymer. 

3. The composition of Claim 1 wherein the 
polyoxymethylene polymer is ~ 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 l 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 ~ carrier resin 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 l~near ~ow density 

25 polyethylene. 

8. ·The composition of Claim l further 
comprising at le~st one of thermal stabilizers, 
co-stabilizers, antioxidants., pigments, colorants, 
toughening agents, reinforcing.agents, UV stabilizers, 

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

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

35 co-stabiiizers, antioxidants, toughening agents, 
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reinforcing agents, UV stabilizers, hindered amine 
light stabilizers, nucleating agents, lubricants, 
glass, polytetrafluoroethylene powder, 
polytetrafluroethylene fiber, and fillers. 

s lo. The composition of Claims 8 or 9 wherein the 
thermal stabilizer is selected from polyamide, 
polyethylene v.iny1 alcohol, polyacrylamide, 
poly-beta-alanine, microcrystalline cellulose, and 
mixtures thereof. 

1.0 11. Shaped articles made from the composition of 
Claim 1. 

12. Shaped articles made from the composition of 
Claim 6. 


