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(57) ABSTRACT 

Disclosed are ?ushable tampon applicators Which comprise 
a combination of thermoplastic materials and ?ller such as 
calcium carbonate and talc, and Which readily disintegrate in 
Water such as toilet Water for improved disposal and reduced 
environmental concerns regarding the destruction of these 
applicators. The ?ushable tampon applicators comprise a 
combination of high molecular Weight polyethylene oxides, 
loW molecular Weight polyethylene glycols, biodegradable 
polymers, and ?ller, Wherein this combination of Water 
dispersible thermoplastic polymers, biodegradable thermo 
plastic polymers, and ?ller provide ?ushable tampon appli 
cators that are readily disposed of and that are smooth, soft, 
?exible, and non-sticky or non-slimy to the touch before and 
during use. 
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FLUSHABLE TAMPON APPLICATORS 

[0001] This is a continuation-in-part application of appli 
cation Ser. No. 09/810,292, ?led on Mar. 16, 2001, Which is 
currently pending. 

FIELD OF THE INVENTION 

[0002] The present invention relates to plastic tampon 
applicators Which are readily disposed in a seWage system 
and/or by biodegradation. In particular, the present invention 
relates to ?ushable tampon applicators Which are made from 
thermoplastic materials that are suitable for disposal in a 
toilet system. 

BACKGROUND OF THE INVENTION 

[0003] Feminine hygiene products such as tampons are 
commonly used by female consumers. Tampons can be 
described as a feminine hygiene article that has an absorbent 
device (i.e., pledget) Withheld in a paper or plastic applica 
tor. 

[0004] Paper and plastic tampon applicators typically 
comprise an outer tubular member and a plunger for inser 
tion of the pledget, Whereby these components of the paper 
and plastic applicators are generally made from paper, paper 
coated, and plastic materials Which retain their form during 
use and are shelf-stable under ambient conditions. 

[0005] In addition to absorbent pledget devices, paper 
tampon applicator components are suitable for disposal via 
a seWage system or by biodegradable Waste disposal means. 
Therefore, paper tampon applicators are considered envi 
ronmentally friendly in that these paper tampon applicators 
can readily disintegrate in a seWage system and/or can be 
disposed of through aerobic, anaerobic, and natural degra 
dation processes. HoWever, paper tampon articles are not 
very popular among females due to some tampon’s pledget 
insertion dif?culties associated With the use of a paper 
tampon applicator. 

[0006] Certain female consumers prefer plastic tampon 
applicators because the plastic applicators are made With a 
grip ring and petal-shaped forWard end Which facilitate ease 
of insertion of a tampon’s pledget, although plastic tampon 
applicator components are not easily disposed of as com 
pared to paper applicator components. Most plastic tampon 
applicators are made from polyethylene-based polymeric 
materials that are not biodegradable and that do not readily 
soften or break-up into smaller fragments for decomposition 
in a seWage system, resulting in increased environmental 
concerns for the disposal of plastic tampon applicators. 

[0007] Many efforts to address the environmental con 
cerns of the disposal of plastic tampon applicators include 
the manufacture of tampon applicators from thermoplastic 
materials other than polyethylene polymers. Such attempts 
include tampon applicators made from Water-soluble mate 
rials, Water-dispersible materials, biodegradable materials, 
photodegradable materials, ultraviolet light degradable 
materials, or combinations thereof. In particular, one attempt 
to address the disposal of plastic tampon applicators 
involves the use of plastic applicators made from biodegrad 
able polymers such as polyvinyl alcohol polymers. It is 
knoWn that tampon applicators made primarily from poly 
vinyl alcohol are Water-dispersible and biodegradable, hoW 
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ever, such applicators have been shoWn to suffer from issues 
involving moisture sensitivity, stability, odor, and stickiness. 

[0008] Other attempts in addressing the disposal of plastic 
tampon applicators include plastic tampon applicators made 
from other Water-soluble materials such as polyethylene 
oXide polymers, thermoplastic starch, and hydroXypropyl 
cellulose; plastic tampon applicators made from combina 
tions of Water-soluble and Water-insoluble/biodegradable 
materials such as combinations of polyvinyl alcohol and 
polycaprolactone, combinations of polyethylene oXide and 
polycaprolactone, combinations of polyethylene oXide and 
polyole?ns such as polypropylene and polyethylene; and 
combinations of polyvinyl alcohol and polyethylene oXide 
polymers. 

[0009] An eXample of a plastic tampon applicator con 
structed from a combination of polyvinyl alcohol and poly 
ethylene oXide is disclosed in US. Pat. No. 5,395,308. This 
plastic tampon applicator is described as being constructed 
to exhibit accelerated break-up and rapid disintegration in 
liquid such as Water so that the plastic applicator can 
dissolve over an eXtended period of time Without causing 
problems in seWage systems such as a Waste treatment 
facility. The sloW dissolution rate of these plastic tampon 
applicators can lead to the clogging of toilet systems and/or 
drain pipes because of the extended time required for these 
plastic applicators to initially come in contact With liquid 
such as toilet Water and eventually reach Waste disposal 
means at a Waste treatment facility, especially if multiple 
plastic applicators are suited for disposal. Furthermore, 
plastic tampon applicators comprising polyvinyl alcohol 
have been knoWn to become sticky When Wet causing the 
applicator to stick to drain pipes Which can result in repeated 
?ushings to dispose of the applicator and to prevent clogging 
of toilet systems and/or the drain pipes. 

[0010] Therefore, the need eXists for the manufacture of 
plastic tampon applicators made from thermoplastic mate 
rials that are ?ushable and can not only readily lose their 
structural integrity as for eXample breaking apart in unrec 
ogniZable pieces in a seWage system such as a toilet, but that 
can readily soften, disperse, disintegrate, and/or dissolve in 
a toilet for clear passage through the toilet to a municipal 
Waste treatment facility. The tampon applicator components 
should also be anerobically and/or aerobically biodegrad 
able, as Well as provide for a ?ushable tampon applicator 
that is not slimy, sticky, or tacky to the touch before and 
during use. 

[0011] To increase the ?ushability of plastic tampon appli 
cators and to improve the applicator aesthetics, ingredients 
such as ?llers, plasticiZers, processing aids, dispersing 
agents, lubricants, resin modi?ers, clarifying/nucleating 
agents, viscosity modi?ers, and so forth are often included 
in the manufacturing of the applicator. These ingredients 
help in the process of the plastic tampon applicator as Well 
as provide improved structural characteristics to the ?nal 
applicator product form. For eXample, plasticiZers can 
increase How and thermoplasticity of plastic materials by 
decreasing parameters such as the viscosity of polymer 
melts, the glass transition temperature, and the elasticity 
modulus of ?nished products to result in ?ushable plastic 
tampon applicators that have improved softness and Hex 
ibility. Lubricants are typically included as mold release 
agents and slip/anti-blocking agents to increase the overall 
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rate of processing and to improve surface properties. Lubri 
cants have been shoWn to improve product properties such 
as brightness, heat stability during processing, light stability, 
better additive dispersion, and improved optical and 
mechanical properties. Clarifying/nucleating agents are gen 
erally used to increase the crystallization rate, reduce the 
siZe of crystals, and improve transparency. Nucleating 
agents can also improve the melt?oW and demolding behav 
ior of partly crystalline plastic materials such as thermo 
plastic polyesters. 

[0012] It has been found, hoWever, that ?llers such as 
calcium carbonate and talc, are especially effective in pro 
viding for plastic applicators that are nonsticky When Wet, 
shelf stable, have a smooth, soft texture and improved 
?ushability. Filler materials are also important ingredients 
for use in the processing of the plastic applicators because 
they can assist in preventing the thermoplastics from stick 
ing to the surface of processing equipment, reducing pro 
cessing cycle time, acting as additional mold release and 
slip/anti-blocking agents, and increasing productivity. 
Another advantage of constructing ?ushable plastic tampon 
applicators With ?ller ingredients is the reduced cost to 
manufacture these applicators, especially When an accept 
able ?ushable, plastic applicator can be constructed With loW 
cost ?llers to reduce the use of more costly thermoplastic 
material. 

[0013] Thus, not only does the need exist for plastic 
tampon applicators that are readily ?ushable, but there’s also 
a need to provide ?ushable, plastic tampon applicators that 
meet consumer acceptability for their structural integrity and 
aesthetic characteristics of smoothness, ?exibility, reduced 
stickiness, stability, and the like. 

SUMMARY OF THE INVENTION 

[0014] The present invention is directed to ?ushable tam 
pon applicators Which comprise (a) from 0% to about 90% 
by Weight of a Water-dispersible polymer; (b) from about 
10% to about 50% by Weight of a biodegradable polymer, 
and (c) from 0% to about 50% by Weight of a ?ller. 

[0015] The present invention is also directed to a method 
of making ?ushable tampon applicators Wherein the method 
comprises (a) preparing a thermoplastic composite compris 
ing from 0% to about 90% by Weight of a Water 
dispersible polymer; (ii) from about 10% to about 50% by 
Weight of a biodegradable polymer; and (iii) from 0% to 
about 50% by Weight of a ?ller; and (b) injection molding 
the thermoplastic composite into molded thermoplastic 
components used to construct the ?ushable tampon appli 
cator. 

[0016] It has been found that ?ushable tampon applicators 
can be made from a combination of thermoplastic materials, 
especially a blend of Water-dispersible polymers such as 
high molecular Weight polyethylene oxides and loW molecu 
lar Weight polyethylene glycols, and biodegradable poly 
mers such as aliphatic/aromatic copolyesters, to result in 
?ushable tampon applicators that readily disintegrate in a 
septic tank such as a toilet and are easily disposed of With 
minimal or no environmental issues. The ?ushable tampon 
applicators of the present invention comprise a combination 
of Water-dispersible and biodegradable thermoplastic poly 
mers Which provide for improved disposal properties of the 
applicators. These applicators are capable of being ?ushed 
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doWn a toilet or any other seWage system Without causing 
drainage problems such as clogging, and are capable of 
biodegradation disposal using commonly employed biodeg 
radation means. 

[0017] It has also been found that ?ushable tampon appli 
cators have improved ?ushability and aesthetics When ?ller 
components are included in the construction of the applica 
tors. The ?ushable tampon applicators are preferably con 
structed such that the ?ller is melt blended With the ther 
moplastic materials to form a composite mixture of ?ller 
particles and thermoplastic material, Wherein the ?ller par 
ticles are uniformly dispersed throughout the applicator. The 
?ller aids in the processing of the thermoplastic materials 
into ?nal ?ushable plastic tampon applicator product forms 
that have improved ?ushability in addition to being non 
sticky When Wet, shelf stable, smooth, and soft to the touch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] While the speci?cation concludes With claims par 
ticularly pointing out and distinctly claiming the subject 
matter of the present invention, it is believed that the 
invention can be more readily understood from the folloW 
ing description taken in connection With the accompanying 
draWings, in Which: 

[0019] FIG. 1 is a perspective representation of a ?ush 
able tampon applicator (10) of the present invention made 
from a blend of thermoplastic materials. The ?ushable 
tampon applicator is comprised of a thermoplastic outer 
tubular member (11) and a thermoplastic inner tubular 
member or plunger (12). The outer tubular member (11) can 
be any knoWn or otherWise effective thermoplastic, one 
piece, holloW cylindrical body that has a plurality of ?exible 
petal tips (13) extending from and disposed on the front end 
of the outer tube. The outer tubular member (11) functions 
to contain or house an absorbent device such as a pledget 

(not shoWn), and typically has a ?nger grip ring (14) formed 
on the opposite end of the outer tube Wherein the ?nger grip 
ring has one or more ribs or protusions (15) on its exterior 
to provide a gripping surface to assist a user in holding the 
?ushable tampon applicator (10). The ?nger grip portion of 
the outer tubular member (11) can be of other con?gurations 
such as gripping rings having score lines, ridges, dimples, 
one or more ?at surfaces, a roughed surface, and so forth. 

[0020] The inner tubular member or plunger as referred to 
hereinafter (12) includes any knoWn or otherWise effective 
thermoplastic plunger designed to be slidable and telescopi 
cally mounted Within the ?nger grip ring (14) such that the 
plunger (12) can urge the pledget through the ?exible petal 
tips (13) for insertion of the pledget into a Woman’s vagina. 

[0021] FIG. 2 is a cross-sectional vieW of a ?ushable 
tampon applicator of the present invention depicting a 
pledget absorbent device (16) positioned in the thermoplas 
tic, cylindricallly shaped outer tubular member (11). A 
WithdraWal string (17) is permanently attached to one end of 
the pledget (16) and provides a means of WithdraWing the 
soiled tampon pledget (16) from a Woman’s vagina. 

[0022] FIG. 3 is a perspective vieW of a ?ushable tampon 
applicator (20) of the present invention having an outer 
tubular member (18) and a plunger (19), both of Which are 
constructed from a composite of thermoplastic materials. 
The composite structure includes one or more units of 
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Water-dispersible thermoplastic polymers (21) affixed to one 
or more units of biodegradable polymers (22) such that the 
units are arranged in an alternating striped con?guration. 
The composite structure can also be constructed such that 
the alternating units of Water-dispersible and biodegradable 
polymers are arranged in a concentric ring con?guration or 
a layered structure of composite materials. 

[0023] It should be noted that although the outer tubular 
members (11) and (18) are shoWn as having cylindrical 
shapes, the outer tubular members(II) and (18) can also be 
of square, elliptical, conical, or oval con?gurations. Like 
Wise, the plungers (12) and (19), Which are typically of an 
oval con?guration, can be con?gured in other shapes such as 
square, hemispherical, conical, and elliptical. The outer 
tubular members and plungers described herein can be 
constructed from clear, translucent, transparent, colored, or 
opaque thermoplastic materials, or combinations thereof. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] The ?ushable tampon applicators of the present 
invention comprise an outer tubular member and plunger 
made from Water-dispersible and biodegradable materials 
that provide for tampon applicators that are readily disposed 
by ?ushing the applicator doWn a toilet, by biodegradable 
means, and/or by Waste disposal means at a municipal Waste 
treatment facility. 

[0025] The term “?ushable” as used herein refers to mate 
rials Which are capable of softening, dissolving, dispersing, 
disintegrating, and/or decomposing in a septic tank such as 
a toilet to provide clearance When ?ushed doWn the toilet 
Without clogging the toilet or any other seWage drainage 
pipe. 

[0026] The term “Water-dispersible” as used herein refers 
to materials that readily break apart in unrecogniZable pieces 
upon contact With Water as a result of dissolution, solubili 
Zation, dissipation, agitation, softening, or any other chemi 
cal or mechanical dispersion means. 

[0027] The term “biodegradable” as used herein refers to 
materials that When disposed of after use Will physically and 
biologically decompose using knoWn degradation proce 
dures including aerobic, anaerobic, and microbial digestion 
processes. The biodegradable materials described herein 
include those degradable Water-insoluble materials that Will 
also physically and biologically decompose after disposal in 
a seWage system. 

[0028] The term “ambient conditions” as used herein 
refers to surrounding conditions at about one atmosphere of 
pressure, at about 50% relative humidity, at about 25° C. 

[0029] The Water-dispersible and biodegradable thermo 
plastic polymers described herein can be generally de?ned 
according to their Weight or number average molecular 
Weight. The Weight average molecular Weight IMP) of a 
polymer is the summation of the Weight fraction of each 
molecular species present multiplied by its molecular 
Weight. The number average molecular Weight (Mn) of a 
polymer is the summation of the mole fraction of each 
molecular species present multiplied by its molecular 
Weight. The molecular Weight of polymer materials can 
typically be determined by SiZe Exclusion Chromatography 
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(SEC) or Gel Permeation Chromatography (GPC) tech 
niques Well knoWn in the art. 

[0030] The thermoplastic polymers described herein are 
used to construct the outer tubular member and plunger 
components of the ?ushable tampon applicators of the 
present invention. These outer tubular member and plunger 
components each have a density of greater than about 1.0 
grams per cubic centimeter (g/cm3) to about 3.0 g/cm3. 
Thermoplastic components having a density of greater than 
about 1.0 g/cm3 Will easily fall to the bottom of a septic tank 
such as a toilet, resulting in disposal of the thermoplastic 
components Without the need of repeated ?ushings. The 
density of a given thermoplastic material and/or components 
made from the material, Will be dependent upon the degree 
of interaction of attractive forces betWeen the polymer 
chains in the material, the degree of crystallinity of the 
thermoplastic material, and the presence of any additives, 
?llers or other optional components described herein. There 
fore, if an individual thermoplastic material does not have a 
density of greater than about 1.0 g/cm3, the thermoplastic 
material can be combined With other thermoplastic materials 
and/or optional ingredients described herein to make suit 
able outer tubular members and plungers having a density of 
greater than about 1.0 g/cm3. Density values of the outer 
tubular and plunger components herein can be determined 
by any knoWn or otherWise effective method for determining 
the density of thermoplastic materials and ?nal products 
made from these materials. 

[0031] The ?ushable tampon applicators of the present 
invention can comprise, consist of, or consist essentially of 
the elements and limitations of the invention described 
herein, as Well as any of the additional or optional ingredi 
ents, components, or limitations described herein. 

[0032] All percentages, parts and ratios are by Weight of 
the total applicator device, unless otherWise speci?ed. All 
such Weights as they pertain to listed ingredients are based 
on the speci?c ingredient level and, therefore, do not include 
carriers or by-products that may be included in commer 
cially available materials, unless otherWise speci?ed. 

Applicator Components 

[0033] The ?ushable tampon applicators of the present 
invention typically comprise an outer tubular member and a 
plunger made from any knoWn or otherWise effective ther 
moplastic materials that can readily soften and disintegrate 
upon contact With Water such as toilet Water. The thermo 
plastic materials are preferably combinations of Water-dis 
persible and biodegradable polymers that are structurally 
stable before and during use While also being capable of 
rapid softening and disintegration in a toilet seWage system 
to provide disposal via the toilet to her enhance any addi 
tional disposal such as further disposal treatment of biodeg 
radation and/or municipal Waste disposal. 

[0034] The outer tubular member and plunger components 
of the ?ushable tampon applicator of the present invention 
can be constructed from the same or otherWise different 
Water-dispersible and biodegradable materials. In other 
Words, the outer tubular member and plunger both can be 
made from an individual or combination of Water-dispers 
ible materials; the outer tubular member and plunger both 
can be made from an individual or combination of biode 
gradable materials; the outer tubular member and plunger 
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both can be made from a combination of Water-dispersible 
and biodegradable materials; the outer tubular member can 
be made from Water-dispersible materials and the plunger 
can be made from biodegradable materials; or the outer 
tubular member can be made from biodegradable materials 
and the plunger can be made from Water-dispersible mate 
rials. 

[0035] Construction of the outer tubular member and 
plunger components from the same or otherWise different 
combination of materials provide, for example, a ?ushable 
tampon applicator that has an outer tubular member With a 
loWer stiffness or hardness relative to the plunger to increase 
insertion comfort. The outer tubular member and plunger 
may also be constructed from different combinations of 
materials to incorporate, for example, a ?ushability signal, 
such as a color change or effervescence, to the user. The 
Water-dispersible and biodegradable materials from Which 
the outer tubular member and plunger can be made are 
described in detail hereinbeloW. 

[0036] Water-Dispersible Components 
[0037] The ?ushable tampon applicators of the present 
invention comprise a total of from 0% to about 99%, 
preferably from about 5% to about 90%, more preferably 
from about 10% to about 80% of Water-dispersible thermo 
plastic polymers by Weight of the applicator. The Water 
dispersible thermoplastic polymers can be used individually 
or as a combination of polymers provided that the Water 
dispersible thermoplastic polymers can readily disintegrate 
in Water, and can be combined With one or more biodegrad 
able polymers described hereinafter. 

[0038] The Water-dispersible thermoplastic polymers suit 
able for use herein include those Water-dispersible com 
pounds that can readily disintegrate in Water such as toilet 
Water While being structurally stable before contact With the 
Water. The terms “structurally stable” and “structural stabil 
ity” are used interchangeably herein to refer to materials that 
maintain their molded shape, form, and chemical composi 
tion before and during use, and that do not become sticky or 
slimy to the touch upon contact With moisture-laden air 
and/or moist human tissue. 

[0039] Nonlimiting examples of suitable Water-dispersible 
thermoplastic polymers include high molecular Weight poly 
ethylene oxides, loW molecular Weight polyethylene glycols, 
polyethylene/polypropylene oxide copolymers, polyethyl 
ene/polybutylene oxide copolymers, polyethylene/polypro 
pylene glycol copolymers, thermoplastic starch polymers, 
polyvinyl alcohols, partially hydrolyZed polyvinyl alcohols, 
modi?ed polyvinyl alcohols, infrared treated polyvinyl alco 
hols, cross-linked polyvinyl alcohols such as a polyvinyl 
alcohol cross-linked With an aldehyde, alkali metal sulfonate 
thermoplastic polyesters, hydroxyethyl celluloses, hydrox 
ypropyl celluloses, methylated hydroxypropyl celluloses, 
polyacrylic acids, polyaspartic acids, polymethacrylic acids, 
polysaccharides excluding sucrose polysaccharides suitable 
for use as a plasticiZing agent herein, proteins, polyvinyl 
pyrrolidone homopolymers, polyvinyl pyrrolidone copoly 
mers including polyvinyl pyrrolidonelvinyl acetate copoly 
mers and polyvinyl pyrrolidone/acrylic acid copolymers, 
polyvinyl methyl ether homopolymers, polyoxaZolines 
including polyethyloxaZoline and poly(2-isopropyl-2-ox 
aZoline), polyvinyl methyl oxaZolidones, polyvinyl methyl 
oxaZolidimones, polyethyleminines, polyacrylamides, poly 
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vinyl methyl ether/maleic anhydride copolymers, Water 
dispersible polyurethanes, Water-dispersible sulfonate poly 
esters, and mixtures thereof. Preferred Water-dispersible 
thermoplastic polymers include high molecular Weight poly 
ethylene oxides and loW molecular Weight polyethylene 
glycols. 
[0040] Preferred high molecular Weight polyethylene 
oxides and loW molecular Weight polyethylene glycols suit 
able for use as Water-dispersible thermoplastic polymers 
herein include those polyethylene oxides and polyethylene 
glycols Which conform to the formula: 

H 

[0041] and those polyethylene glycols Which conform to 
the formula: 

H 

[0042] Wherein n has an average value of from about 500 
to about 180,000, preferably from about 650 to about 
50,000, more preferably from about 800 to about 25,000, for 
high molecular Weight polyethylene oxides; and an average 
value of from about 12 to about 465, preferably from about 
12 to about 341, more preferably from about 13 to about 
227, for loW molecular Weight polyethylene glycols. These 
materials are polymers of ethylene oxide, Which are also 
knoWn as polyethylene oxides, polyoxyethylenes, polyeth 
ylene glycols, and polymethoxyethylene glycols. 

[0043] Speci?c examples of preferred high molecular 
Weight polyethylene oxides suitable for use as a Water 
dispersible thermoplastic polymer herein include, but are not 
limited to, polyethylene oxides having repeating alkylene 
oxide radicals in the ranges described hereinabove, and a 
Weight average molecular Weight of from about 65,000 
daltons to about 8,000,000 daltons, preferably from about 
80,000 daltons to about 2,000,000 daltons, more preferably 
from about 100,000 daltons to about 900,000 daltons. These 
polyethylene oxide polymers are prepared by methods 
knoWn in the art for making high molecular Weight copoly 
mers and interpolymers of ethylene oxide. For example, the 
high molecular Weight copolymers of polyethylene oxide are 
prepared using ionic catalysts to react ethylene oxide With 
oxirane compounds such as styrene oxide, propylene oxide, 
butylene oxide, and the like. High molecular Weight inter 
polymers of polyethylene oxide are prepared by co-poly 
meriZing polyethylene oxide With one or more vinyl mono 
mers such as N,N-dimethylaminoethyl methacrylate, 
styrene, methyl methacrylate, 2-methyl-5-vinyl pyridine, 
acrylonitrile, hydroxyethyl methacrylate, acrylic acid, acry 
lamide, and the like. Grafted or chemically modi?ed high 
molecular Weight polyethylene oxides are also suitable for 
use as a Water-dispersible thermoplastic polymer herein. 

[0044] The Weight average molecular Weight (MW) of the 
high molecular Weight polyethylene oxides can be deter 
mined by measuring the intrinsic viscosity of a polyethylene 
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oxide material in Water at 30° C. The intrinsic viscosity, [1]], 
is correlated to the MW of polyethylene oxide materials, and 
can be expressed by the following equation: [11]=1.25><10_ 
4M 0.78' 

[0045] Examples of commercially available high molecu 
lar Weight polyethylene oxide polymers are the polyethylene 
oxides Which are sold under the tradename POLYOX®, and 
Which are available from the DoW Chemical Company 
located in Midland, Mich.. Speci?c examples of such poly 
ethylene oxides include POLYOX® WSR-10 Which has a 
MW of about 100,000; POLYOX® WSR-80 Which has a MW 
of about 200,000; POLYOX® WSR-N-750 Which has a MW 
of about 300,000; POLYOX® WSR-N-3000 Which has a 
MW of about 400,000; POLYOX® WSR-3333 Which has a 
MW of about 400,000; POLYOX® WSR-205 Which has a MW 
of about 600,000; POLYOX® WSR-1105 Which has a MW 
of about 900,000; POLYOX® WSR-N-K12 Which has a MW 
of about 1,000,000; POLYOX® WSR-N-K60 Which has a 
MW of about 2,000,000; POLYOX® WSR-301 Which has a 
MW of about 4,000,000; POLYOX® WSR Coagulant Which 
has a MW of about 5,000,000; POLYOX® WSR-303 Which 
has a MW of about 7,000,000; POLYOX® WSR-308 Which 
has a MW of about 8,000,000; and mixtures thereof. 

[0046] Speci?c examples of preferred loW molecular 
Weight polyethylene glycols suitable for use as a Water 
dispersible thermoplastic polymer herein include, but are not 
limited to, polyethylene glycols having repeating alkylene 
oxide radicals in the ranges described hereinabove, and a 
number average molecular Weight of from about 500 daltons 
to about 20,000 daltons, preferably from about 550 daltons 
to about 15,000 daltons, more preferably from about 600 
daltons to about 10,000 daltons. The number average 
molecular Weight (Mn) of the loW molecular Weight poly 
ethylene glycols can be determined by knoWn titration 
procedures used to determine the number of molecules 
having hydroxy-end groups Wherein the Mn is calculated 
based on the Weight of a given polyethylene glycol divided 
by the number of hydroxy-end group-containing molecules 
Within the polyethylene glycol polymer. 

[0047] Nonlimiting examples of the preferred loW 
molecular Weight polyethylene glycols include those poly 
ethylene glycols (PEG) and polymethoxyethylene glycols 
(MPEG) that are commercially available from DoW Chemi 
cal, and sold as PEG-600 Which has a MD of about 600; 
PEG-900 Which has a MD of about 900; PEG-1000 Which has 
a MD of about 1000; PEG-1450 Which has a MD of about 
1450; PEG-3350 Which has a MD of about 3350; PEG-4000 
Which has a MD of about 4,000; PEG-4600 Which has a MW 
of about 4600; PEG-8000 Which has a MW of about 8,000; 
MPEG-550 Which has a MD of about 550; MPEG-750 Which 
has a MD of about 750; MPEG-2000 Which has a MD of about 
2,000; MPEG-5000 Which has a MD of about 5,000; and 
mixtures thereof. 

[0048] Speci?c examples of polyvinyl alcohols suitable 
for use as a Water-dispersible thermoplastic polymer herein 
include, but are not limited to, those Water-soluble thermo 
plastic polymers prepared by the partial or complete 
hydrolysis of polyvinyl acetate. The degree of hydrolysis of 
polyvinyl acetate results in polyvinyl alcohols having dif 
ferent residual acetyl groups and therefore different molecu 
lar Weight and viscosity characteristics. Accordingly, the 
Water solubility of the polyvinyl alcohol can be regulated by 
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controlling the hydrolysis, molecular Weight, and viscosity 
of the speci?c polyvinyl alcohol resin. Nonlimiting 
examples of such suitable polyvinyl alcohols include poly 
vinyl alcohols having a percent hydrolysis of from about 
74% to about 98%, speci?c nonlimiting examples of Which 
include polyvinyl alcohol 98% hydrolyZed ultra loW viscos 
ity resin having a viscosity of from about 3.2 centipoises 
(cps) to about 4.2 cps, and a Weight average molecular 
Weight of from about 13,000 daltons to about 23,000 dal 
tons; polyvinyl alcohol 88% hydrolyZed ultra loW viscosity 
resin having a viscosity of from about 3.0 cps to about 4.0 
cps, and a Weight average molecular Weight of from about 
13,000 daltons to about 23,000 daltons; polyvinyl alcohol 
88% hydrolyZed loW viscosity resin having a viscosity of 
from about 5.2 cps to about 6.2 cps, and a Weight average 
molecular Weight of from about 31,000 daltons to about 
50,000 daltons; and mixtures thereof. 

[0049] The viscosity of the polvinyl alcohols and any 
other suitable thermoplastic polymer and optional ingredient 
described herein are measured or determined under ambient 
conditions, unless otherWise speci?ed, using suitable meth 
ods knoWn in the art. Examples of methods for measuring or 
determining viscosity include method DIN 53 015 Which 
involves the use of a Hoppler falling-ball viscometer for 
measuring dynamic viscosity in units of Pascal-seconds 
(Pa-s), and methods DIN 53 562 and DIN 53 012 Which 
involve the use of a Ubbelohde glass capillary viscometer to 
measure kinematic viscosity in units of square centimeters 
per second (cmZ/sec). 

[0050] Other examples of suitable polyvinyl alcohols 
include, but are not limited to, Water dispersible polyvinyl 
alcohol resins that have been modi?ed to contain pendant 
alcohol groups. These modi?ed polyvinyl alcohols can be 
produced by polymeriZing a polyethylene oxide acrylate 
With vinyl acetate and then hydrolyZing the resultant poly 
mer to produce pendant alcohol groups. Modi?ed polyvinyl 
alcohols prepared by this procedure typically have viscosi 
ties ranging from about 500 poise to about 4,500 poise 
dependent upon the shear rate used to form the modi?ed 
polyvinyl alcohol into a molded thermoplastic polymer. 
Examples of commercially available modi?ed polyvinyl 
alcohols include those modi?ed polyvinyl alcohol resins 
manufactured by Texas Polymer Services Incorporation 
(Houston, Tex.), and sold under the VINEX and AIRVOL 
tradenames. Speci?c examples of commercially available 
VINEX resins include, but are not limited to, VINEX 2019, 
VINEX 2025, VINEX 2034, and VINEX 2144. Speci?c 
examples of AIRVOL resins include, but are not limited to, 
AIRVOL 125 and AIRVOL 325. 

[0051] Other examples of suitable polyvinyl alcohols 
include, but are not limited to, the polyvinyl alcohols that are 
commercially available from Clariant GmbH (SulZbach, 
Germany) under the MOWIOL tradename. Speci?c 
examples of MOWIOL resins include MOWIOL 18-88, 
MOWIOL 26-88, and MOWIOL 30-92. 

[0052] Nonlimiting speci?c examples of alkali metal sul 
fonate polyesters suitable for use as a Water-dispersible 
thermoplastic polymer herein include those Water-dispers 
ible, linear thermoplastic polyesters Which contain carbony 
loxy-linking groups in the linear, molecular structure. The 
alkali metal sulfonate polyesters are typically prepared by 
reacting at least one difunctional dicarboxylic acid, at least 
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one diol, and at least one difunctional sulfomonomer con 
taining at least one metal sulfonate group attached to an 
aromatic nucleus having the functional group carboxyl. The 
number average molecular Weight of suitable alkali metal 
sulfonate polyesters ranges from about 13,000 daltons to 
about 19,000 daltons, based on the number of repeating 
sulfomonomer groups in the molecule. It is believed that the 
sulfomonomer substituent is primarily responsible for the 
Water dispersibility of the thermoplastic polyester. Nonlim 
iting examples of commercially available Water-dispersible, 
linear thermoplastic polyesters include the alkali metal sul 
fonates sold under the tradename Eastman AQ® polymer 
from Eastman Chemical Products, Incorporation located in 
Kingsport, Tenn., speci?c examples of Which include East 
man AQ(D 1045, Eastman AQ® 1350, Eastman AQS 1950, 
Eastman AQ® 14,000, Eastman AQ® 29S, Eastman LB-100 
AQ® 29S, Eastman AQ® 55S, Eastman AQ® 38S, Eastman 
AQ® 48, and mixtures thereof. 

[0053] Biodegradable Components 
[0054] The ?ushable tampon applicators of the present 
invention comprise a total of from about 1% to about 99%, 
preferably from about 5% to about 95%, more preferably 
from about 10% to about 90% of biodegradable thermoplas 
tic polymers by Weight of the applicator. The biodegradable 
thermoplastic polymers can be used individually or as a 
combination of polymers provided that the biodegradable 
thermoplastic polymers are degradable by biological and 
environmental means, and that they are compatible for 
combination With one or more Water-dispersible polymers 
described hereinabove, The biodegradable polymers suitable 
for use herein are those biodegradable materials Which are 
susceptible to being assimilated by microorganisms such as 
molds, fungi, and bacteria When the biodegradable material 
is buried in the ground or otherWise comes in contact With 
the microorganisms including contact under environmental 
conditions conducive to the groWth of the microorganisms. 

[0055] Suitable biodegradable polymers also include those 
biodegradable materials Which are environmentally degrad 
able using aerobic or anerobic digestion procedures, or by 
virtue of being exposed to environmental elements such as 
sunlight, rain, moisture, Wind, temperature, and the like. 

[0056] Nonlimiting examples of biodegradable thermo 
plastic polymers suitable for use in the ?ushable tampon 
applicators of the present invention include aliphatic poly 
esteramides; diacid/diol-based aliphatic polyesters; aromatic 
polyesters including modi?ed polyethylene terephthalates; 
aliphatic/aromatic copolyesters; polycaprolactones; polyca 
prolactone copolymers; poly(3-hydroxyalkanoates) includ 
ing poly(3-hydroxybutyrates), poly(3-hydroxyhexanoates), 
and poly(3-hydroxyvalerates); poly(3-hydroxyalkanoates) 
copolymers including poly(3-hydroxy) butyrate/valerate 
copolymers; polyesters and polyurethanes derived from ali 
phatic polyols (i.e., dialkanoyl polymers); polyvinyl 
acetates; polyethylene/vinyl alcohol copolymers; lactic acid 
polymers including lactic acid homopolymers and lactic acid 
copolymers; lactide polymers including lactide homopoly 
mers and lactide copolymers; glycolide polymers including 
glycolide homopolymers and glycolide copolymers; and 
mixtures thereof. Preferred are aliphatic polyesteramides, 
diacid/diol-based aliphatic polyesters, poly(3-hydroxyal 
kanoates), poly(3-hydroxyalkanoates) copolymers, ali 
phatic/aromatic copolyesters, lactic acid polymers, and lac 
tide polymers. 
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[0057] Speci?c examples of preferred aliphatic polyes 
teramides suitable for use as a biodegradable thermoplastic 
polymer herein include, but are not limited to, aliphatic 
polyesteramides Which are reaction products of a synthesis 
reaction of diols, dicarboxylic acids, and aminocarboxylic 
acids; aliphatic polyesteramides formed from reacting lactic 
acid With diamines and dicarboxylic acid dichlorides; ali 
phatic polyesteramides formed from caprolactone and 
caprolactam; aliphatic polyesteramides formed by reacting 
acid-terminated aliphatic ester prepolymers With aromatic 
diisocyanates; aliphatic polyesteramides formed by reacting 
aliphatic esters With aliphatic amides; and mixtures thereof. 
Aliphatic polyesteramides formed by reacting aliphatic 
esters With aliphatic amides are most preferred. 

[0058] Preferred aliphatic polyesteramides Which are 
copolymers of aliphatic esters and aliphatic amides can be 
characteriZed in that these copolymers generally contain 
from about 30% to about 70%, preferably from about 40% 
to about 80% by Weight of aliphatic esters, and from about 
70% to about 30%, preferably from about 60% to about 20% 
by Weight of aliphatic amides. The Weight average molecu 
lar Weight of these copolymers ranges from about 10,000 
daltons to about 500,000 daltons, preferably from about 
20,000 daltons to about 300,000 daltons as measured by 
knoWn gel chromatography techniques used in the determi 
nation of molecular Weight of polymers. 

[0059] The aliphatic ester and aliphatic amide copolymers 
of the preferred aliphatic polyesteramides are derived from 
monomers such as dialcohols including ethylene glycol, 
diethylene glycol, 1,4-butanediol, 1,3-propanediol, 1,6-hex 
anediol, and the like; dicarboxylic acids and dicarboxylhc 
acid esters including oxalic acid, succinic acid, adipic acid, 
oxalic acid esters, succinic acid esters, adipic acid esters, and 
the like; hydroxycarboxylic acid and lactones including 
caprolactone, and the like; aminoalcohols including ethano 
lamine, propanolamine, and the like; cyclic lactams includ 
ing s-caprolactar, lauric lactam, and the like; (o-aminocar 
boxylic acids including aminocaproic acid, and the like; 1:1 
salts of dicarboxylic acids and diamines including 1:1 salt 
mixtures of dicarboxylic acids such as adipic acid, succinic 
acid, and the like, and diamines such as hexamethylenedi 
amine, diaminobutane, and the like; and mixtures thereof. 
Hydroxy-terminated or acid-terminated polyesters such as 
acid terminated oligoesters can also be used as the ester 
forming compound. The hydroxy-terminated or acid termi 
nated polyesters typically have number average molecular 
Weights of from about 200 daltons to about 10,000 daltons. 

[0060] The preferred aliphatic polyesteramides can be 
prepared by any suitable synthesis or stoichiometric tech 
nique knoWn in the art for forming aliphatic polyesteramides 
having aliphatic ester and aliphatic amide monomers. A 
typical synthesis involves stoichiometrically mixing the 
starting monomers, optionally adding Water to the reaction 
mixture, polymeriZing the monomers at an elevated tem 
perature of about 220° C., and subsequently removing the 
Water and excess monomers by distillation using vacuum 
and elevated temperature, resulting in a ?nal copolymer of 
an aliphatic polyesteramide. Other suitable techniques 
involve transesteri?cation and transamidation reaction pro 
cedures. As apparent by those skilled in the art, a catalyst can 
be used in the above-described synthesis reaction and trans 
esteri?cation or transaindation procedures, Wherein suitable 
catalysts include phosphorous compounds, acid catalysts, 
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magnesium acetates, Zinc acetates, calcium acetates, lysine, 
lysine derivatives, and the like. 

[0061] The preferred aliphatic polyesteramides comprise 
copolymer combinations of adipic acid, 1,4-butanediol, and 
6-aminocaproic acid With an ester portion of 45%; adipic 
acid, 1,4-butanediol, and e-caprolactam With an ester portion 
of 50%; adipic acid, 1,4-butanediol, and a 1:1 salt of adipic 
acid (“AH salt”) and 1,6-hexamethylenediamine; and an 
acid-terminated oligoester made from adipic acid, 1,4-bu 
tanediol, 1,6-hexamethylenediamine, and s-caprolactam. 
These preferred aliphatic polyesteramides have melting 
points of from about 115° C. to about 155° C. and relative 
viscosities (1 Wt. % in m-cresol at 25° C.) of from about 2.0 
to about 3.0, and are commercially available from Bayer 
Aktiengesellschaft located in Leverkusen, Germany under 
the BAK® tradename. Speci?c examples of such commer 
cially available polyesteramides include BAK® 402, BAK® 
403, and BAK® 404. 

[0062] Speci?c examples of preferred diacid/diol-based 
aliphatic polyesters suitable for use as a biodegradable 
thermoplastic polymer herein include, but are not limited to, 
aliphatic polyesters produced either from ring opening reac 
tions or from the condensation polymeriZation of aliphatic 
diacids and aliphatic diols, Wherein the number average 
molecular Weight of these aliphatic polyesters typically 
range from about 30,000 daltons to about 300,000 daltons. 
The preferred diacid/diol-based aliphatic polyesters are 
reaction products of a C2-C1O diol reacted With oxalic acid, 
succinic acid, adipic acid, suberic acid, sebacic acid, copoly 
mers thereof, or mixtures thereof. Nonlimting examples of 
preferred diacid/diol-based aliphatic polyesters include 
polyalkylene succinates such as polyethylene succinate, and 
polybutylene succinate; polyalkylene succinate copolymers 
such as polyethylene succinate/adipate copolymer, and poly 
butylene succinate/adipate copolymer; polypentamethyl 
succinates; polyhexamethyl succinates; polyheptamethyl 
succinates; polyoctamethyl succinates; polyalkylene 
oxalates such as polyethylene oxalate, and polybutylene 
oxalate; polyalkylene oxalate copolymers such as polybu 
tylene oxalate/succinate copolymer and polybutylene 
oxalate/adipate copolymer; polybutylene oxalate/succinate/ 
adipate terpolymers; and mixtures thereof. An example of 
suitable commercial diacid/diol-based aliphatic polyesters is 
the polybutylene succinate/adipate copolymers sold under 
the BIONOLLE 1000 and BIONOLLE 3000 tradenames 
from the ShoWa Highpolymer Company, Ltd. located in 
Tokyo, Japan. 

[0063] Speci?c examples of preferred poly(3-hydroxyal 
kanoates) suitable for use as a biodegradable thermoplastic 
polymer herein include, but are not limited to, the poly(3 
hydroxyalkanoates commercially available under the 
Biomer 209H and Biomer 240H tradenames from the 
Biomer Company located in Krailling, Germany. Speci?c 
examples of preferred poly(3-hydroxyalkanoates) copoly 
mers suitable for use as a biodegradable polymer herein 
include, but are not limited to the poly(3-hydroxy) butyrate/ 
valerate copolymers disclosed in US. Pat. No. 5,391,423, 
issued to Wnuk et al. on Feb. 21 1995, Which disclosure is 
incorporated by reference herein; and the poly(3-hydroxy) 
butyrate/valerate copolymers such as poly(3-hydroxybu 
tyrate-co-3-hydroxyhexanoate), poly(3-hydroxybutyrate 
co-3-hydroxyoctanoate), poly(3-hydroxybutyrate-co-3-hy 
droxynonanoate), poly(3-hydroxybutyrate-co-3 
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hydroxydecanoate), poly(3-hydroxybutyrate-co-3 
hydroxydocosanoate), poly(3-hydroxybutyrate-co-3 
hydroxyhexadecanoate), poly(3-hydroxyvalerate-co-3 
hydroxyoctanoate), poly(3-hydroxybutyrate-co-3 
hydroxyvalerateco-3-hydroxyoctanoate), 
hydroxybutyrate-co-3-hydroxyvalerate-co-3 
hydroxydecanoate), and poly(3-hydroxybutyrate-co-3 
hydroxyvalerate-co-3-hydroxyoctanoate-co-3 
hydroxydecanoate) disclosed in US. Pat, No. 5,489,470, 
issued to Noda on Feb. 6, 1996, Which disclosure is incor 
porated by reference herein. 

poly(3 

[0064] Speci?c examples of preferred aliphatic/aromatic 
copolyesters suitable for use as a biodegradable thermoplas 
tic polymer herein include, but are not limited to, those 
aliphatic/aromatic copolyesters that are random copolymers 
formed from a condensation reaction of dicarboxylic acids 
or derivatives thereof and diols. Suitable dicarboxylic acids 
include, but are not limited to, malonic, succinic, glutaric, 
adipic, pimelic, aZelaic, sebacic, fumaric, 2,2-dimethyl glu 
taric, suberic, 1,3-cyclopentanedicarboxylic, 1,4-cyclohex 
anedicarboxylic, 1,3-clohexanedicarboxylic, diglycolic, ita 
conic, maleic, 2,5-norbornanedicarboxylic, 1,4-terephthalic, 
1,3-terephthalic, 2,6-naphthoic, 1,5-naphthoic, ester form 
ing derivatives thereof, and combinations thereof. Suitable 
diols include, but are not limited to, ethylene glycol, dieth 
ylene glycol, triethylene glycol, tetraethylene glycol, pro 
pylene glycol, 1,3-propanediol, 2,2-dimethyl-1,3-pro 
panediol, 1,3-butanediol, 1,4-butanediol, 1,5-pentanediol, 
1,6-hexanediol, 2,2,4-trimethyl-1,6-hexanediol, thiodietha 
nol, 1,3-cyclohexanedimethanol, 1,4-cyclohexanedimetha 
nol, 2,2,4,4-tetramethyl-1,3-cyclobutanediol, and combina 
tions thereof. Nonlimiting examples of such aliphatic/ 
aromatic copolyesters include a 50/50 blend of 
poly(tetramethylene glutarate-co-terephthalate), a 60/40 
blend of poly(tetramethylene glutarate-co-terephthalate), a 
70/30 blend of poly(tetramethylene glutarate-co-terephtha 
late), an 85/15 blend of poly(tetramethylene glutarate-co 
terephthalate), a 50/45/15 blend of poly(tetramethylene glu 
tarate-co-terephthalate-co-diglycolate), a 70/30 blend of 
poly(ethylene glutarate-co-terephthalate), an 85/15 blend of 
poly(tetramethylene adipate-co-terephthalate), an 85/15 
blend of poly(tetramethylene succinate-co-terephthalate), a 
50/50 blend of poly(tetramethylene-co-ethylene glutarate 
co-terephthalate), and a 70/30 blend of poly(tetramethylene 
co-ethylene glutarate-co-terephthalate). These aliphatic/aro 
matic copolyesters, in addition to other suitable aliphatic/ 
aromatic polyesters, are further described in US. Pat. No. 
5,292,783 issued to Buchanan et al. on Mar. 8, 1994, Which 
descriptions are incorporated by reference herein. The poly 
(tetramethylene adipate-co-terephthalate) is a preferred ali 
phatic/aromatic copolyester that is commercially available 
from Eastman Chemical (Kingsport, Tenn.) under the Eastar 
Biodegradable Copolyester 14776 tradename. 
[0065] Speci?c examples of preferred lactic acid polymers 
and lactide polymers suitable for use as a biodegradable 
thermoplastic polymer herein include, but are not limited to, 
those polylactic acid-based polymers and polylactide-based 
polymers that are generally referred to in the industry as 
“PLA”. Therefore, the terms “polylactic acid”, “polylactide” 
and “PLA” are used interchangeably to include homopoly 
mers and copolymers of lactic acid and lactide based on 
polymer characteriZation of the polymers being formed from 
a speci?c monomer or the polymers being comprised of the 
smallest repeating monomer units. In other Words, polylac 
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tide is a dimeric ester of lactic acid and can be formed to 
contain small repeating monomer units of lactic acid (actu 
ally residues of lactic acid) or be manufactured by polymer 
iZation of a lactide monomer, resulting in polylactide being 
referred to both as a lactic acid residue containing polymer 
and as a lactide residue containing polymer. It should be 
understood, hoWever, that the terms “polylactic acid”, “poly 
lactide”, and “PLA” are not intended to be limiting With 
respect to the manner in Which the polymer is formed. 

[0066] The polylactic acid polymers generally have a 
lactic acid residue repeating monomer unit that conforms to 
the folloWing formula: 

[0067] The polylactide polymers generally having lactic 
acid residue repeating monomer units as described herein 
above, or lactide residue repeating monomer units that 
conform to the folloWing formula: 

[0068] Typically, polymeriZation of lactic acid and lactide 
Will result in polymers comprising at least about 50% by 
Weight of lactic acid residue repeating units, lactide residue 
repeating units, or combinations thereof. These lactic acid 
and lactide polymers include homopolymers and copoly 
mers such as random and/or block copolymers of lactic acid 
and/or lactide. The lactic acid residue repeating monomer 
units can be obtained from L-lactic acid and D-lactic acid. 
The lactide residue repeating monomer units can be obtained 
from L-lactide, D-lactide, and meso-lactide. 

[0069] Suitable lactic acid and lactide polymers include 
those homopolymers and copolymers of lactic acid and/or 
lactide Which have a Weight average molecular Weight 
generally ranging from about 10,000 daltons to about 600, 
000 daltons. An eXample of commercially available poly 
lactic acid polymers includes a variety of polylactic acids 
that are available from the Chronopol Incorporation located 
in Golden, Colorado. An eXample of commercially available 
polylactide polymers includes the polylactides sold under 
the tradename EcoPLA®. An eXample of commercially 
available “PLA” polymers includes PLA 44D and PLA 
62-50, both of Which are available from Cargill-DoW Poly 
mers, LLC located in Minnetonka, Minn. Other suitable 
polylactic acid polymers and copolymers include polylactic 
acid prepared by direct polycondensation of lactic acid 
(available from the Mitsui Chemical Incorporation under the 
tradename LACEA), and a block copolymer comprising a 
polylactic acid hard segment and a polyoXyalkylene dial 
kanoate soft segment (available from the Dainippon Ink and 
Chemicals Incorporation and the ShimadZu Corporation, 
both of Which are located in Japan). 
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[0070] Speci?c eXamples of other suitable biodegradable 
polymers include polycaprolactone polyesters having a 
number average molecular Weight of from about 10,000 
daltons to about 80,000 daltons. Commercially suitable 
polycaprolactone polymers are the polycaprolactones avail 
able from the Union Carbide Corporation sold under the 
TONE tradename, eXamples of Which include Tone P-767, 
Tone P-787, and Tone P-303. Tone P-767 has a number 
average molecular Weight of about 43,000 daltons. Tone 
P-787 has a number average molecular Weight of about 
80,000 daltons. Tone P-303 is an A-B-A block polymer of 
Tone P-767 polycaprolactone and polyethylene oXide, and 
has a number average molecular Weight of from about 
30,000 daltons to about 35,000 daltons. 

[0071] The biodegradable polymers described herein, in 
addition to thermoplastic compositions containing these 
polymers, Will physically and biologically decompose using 
knoWn degradation procedures such as aerobic, anaerobic, 
and microbial digestion processes. One such method of 
evaluating the decomposition of biodegradable materials 
includes an anaerobic disintegration procedure Which 
involves measuring the percent Weight loss of thermoplastic 
compositions containing biodegradable polymers. Typically, 
thermoplastic compositions containing biodegradable poly 
mers are eXposed to anaerobic sludge that can be obtained 
from a municipal WasteWater treatment plant (e.g., sludge 
that has a pH of or betWeen about 7 and 8, and about 1% total 
solids). The sludge-exposed thermoplastic compositions are 
alloWed to disintegrate or decompose for 7, 14, and 28 days 
at 35° C. under controlled incubator conditions. After the 7, 
14, or 28 day incubation period, the sludge-exposed ther 
moplastic compositions are evaluated for percent Weight 
loss by recovering any undisintegrated portions of the com 
positions, drying these undisintegrtaed portions at 40° C. for 
at least 2 hours after a tap Water rinsing, and determining the 
Weight of the dried undisintegrated portions. The percent 
Weight loss is calculated based on the Weight of the ther 
moplastic compositions before and after eXposure to sludge 
for a given time period. It has been found that the biode 
gradable polymer containing-thermoplastic compositions 
described herein lose their structural integrity by breaking 
apart into smaller pieces and/or by shrinking into smaller 
fragments after being eXposed to sludge for only 7 days. 
Anaerobic biodegradation of these biodegradable polymer 
containing-thennoplastic compositions increased after the 
compositions Were eXposed to sludge for periods of 14 and 
28 days. 

[0072] Filler Components 

[0073] In addition to the Water-dispersible and biodegrad 
able thermoplastic materials, the ?ushable tampon applica 
tors of the present invention preferably comprise one or 
more ?llers Which can aid in the applicators having an 
opaque appearance and provide for applicators that have a 
smooth, soft texture and improved Water-dispersibility. The 
?ller can be added by compounding the ?ller With the 
thermoplastic polymers and any optional ingredient 
described herein, and processing this compounded mixture 
according to the disclosed methods of constructing ?ushable 
tampon applicators of the present invention. Preferably, the 
?ushable tampon applicators are constructed such that the 
?ller is melt blended With the thermoplastic polymers to 
form a composite of thermoplastic material and discrete 
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?ller particles that are uniformly dispersed throughout the 
composite, ?ushable tampon applicator structure. 

[0074] Suitable ?llers include inorganic and organic ?ller 
materials. Nonlimiting examples of suitable inorganic ?llers 
include clays, silica, mica, Wollastonite, calcium hydroxide, 
calcium carbonate, sodium carbonate, magnesium carbon 
ate, barium sulfate, magnesium sulfate, kaolin, calcium 
oxide, magnesium oxide, aluminum hydroxide, magnesium 
silicates including talc, titanium dioxide, and mixtures 
thereof. Nonlimiting examples of suitable organic ?llers 
include Wood ?our, Walnut shell ?our, alpha cellulose ?oc, 
cellulose ?bers, chitin, chitosan poWders, organosilicone 
poWders, nylon poWders, polyester poWders, polypropylene 
poWders, starch granules, and mixtures thereof. Filler com 
ponents such as calcium carbonate, talc, barium sulfate, 
starch granules, and Wood ?our are preferred. 

[0075] The ?llers are typically included at total ?ller 
concentrations ranging from 0% to about 70%, preferably 
from about 5% to about 65%, more preferably from about 
8% to about 60% by Weight of the applicator. The inclusion 
of ?ller components Within the de?ned concentration ranges 
have been found to provide the ?ushable tampon applicators 
With improved disintegration rate for spontaneous ?ushabil 
ity in addition to the ?ushable tampon applicators being 
shelf stable, nonsticky When Wet, nontacky When Wet, and 
smooth to the touch. The ?ller components can be included 
in the construction of the ?ushable tampon applicators as an 
individual ?ller or a combination of ?ller components pro 
vided that the total ?ller concentration is Within these 
de?ned concentration ranges. 

[0076] Speci?c examples of calcium carbonates suitable 
for use of a ?ller herein, include but are not limited to, the 
calcium carbonates commercially available from Specialty 
Minerals (Bethlehem, Pa.) under the Vicron 15-15, Vicron 
10-25, and Vicron 25-11 tradenames. 

[0077] Speci?c examples of magnesium silicates such as 
talc Which are suitable for use as a ?ller herein include, but 
are not limited to, ABT 2500 talc and OPTIBLOC 10 talc, 
both of Which are available from Specialty Minerals. 

[0078] Speci?c examples of starch granule materials suit 
able for use as a ?ller herein include, but are not limited to, 
the corn starch materials sold under the Staley STAR-DRI® 
1 and Staley Pure Food PoWdered tradenames, both of Which 
are commercially available the A. E. Staley Manufacturing 
Company (Decatur, Ill.); Clinton 290 Which is commercially 
available from ADM Corn Processing (Decatur, Ill.); and 
National Starch Melojel Which is commercially available 
from National Starch & Chemical (BridgeWater, N] 

[0079] Speci?c examples of Wood ?our materials suitable 
for use as a ?ller herein include, but are not limited to, Maple 
Wood Flour, Grade 10010 and Pine Wood Flour, Grade 
10020, both of Which are commercially available from 
American Wood Fibers (Columbia, Md.). 

[0080] A speci?c example of a nylon poWder suitable for 
use as a ?ller herein is Morton Corvel White Nylon 11 
poWder Which is commercially available from the Morton 
International Incorporation located in Chicago, Ill. 

[0081] A speci?c example of a polyester poWder suitable 
for use as a ?ller herein is Morton Corvel H RF polyester 
poWder Which is commercially available from the Morton 
International Incorporation. 
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[0082] A speci?c example of a titanium dioxide material 
suitable for use as a ?ller herein is Titanium Dioxide Grade 
R102 17145T-43 Which is commercially available from 
Dupont White Pigment & Mineral Products located in 
Wilmington, Del. 

Preferred Embodiments 

[0083] The ?ushable tampon applicators of the present 
invention preferably comprise a blend of Water-dispersible 
and biodegradable materials, Wherein this blend can be 
de?ned as a combination of one or more high molecular 

Weight polyethylene oxides, one or more loW molecular 
Weight polyethylene glycols, and one or more aliphatic/ 
aromatic copolyesters. In this context, the term “blend” 
refers to a composition of thermoplastic materials that has 
been formed by melt processing tWo or more thermoplastic 
materials to result in a homogenous, heterogeneous, or 
mixture thereof, of these materials. It has been found that a 
thermoplastic blend comprising a combination of high 
molecular Weight polyethylene oxides, loW molecular 
Weight polyethylene glycols, and aliphatic/aromatic copoly 
esters provides a ?ushable tampon applicator that readily 
disintegrates in Water, that has improved aesthetics such as 
non-sticky, non-slimy, air-laden moisture resistance, soft 
ness, ?exibility, and that is of little or no environmental 
concern for disposal. 

[0084] The combination of the high molecular Weight 
polyethylene oxides, loW molecular Weight polyethylene 
glycols, and aliphatic/aromatic copolyesters results in a 
thermoplastic composition comprising a total of from about 
1% to about 90% by Weight of high molecular Weight 
polyethylene oxides, a total of from about 1% to about 4 0% 
by Weight of loW molecular Weight polyethylene glycols, 
and a total of from about 9% to about 59% by Weight of 
aliphatic/aromatic copolyesters. Therefore, the thermoplas 
tic compositions can comprise blended ratios of Water 
dispersible materials such as high 20 molecular Weight 
polyethylene oxides and loW molecular Weight polyethylene 
glycols to biodegradable materials such as aliphatic/aro 
matic copolyesters of from about 10:1 to about 1:6, prefer 
ably of from about 4:1 to about 1:3. The ratio of Water 
dispersible materials, such as a ratio of high molecular 
Weight polyethylene oxide to loW molecular Weight poly 
ethylene glycol, typically ranges from about 9:1 to about 
1:4, preferably from about 3:1 to about 1:2. 

[0085] The ?ushable tampon applicators of the present 
invention can also comprise other blends of Water-dispers 
ible and biodegradable thermoplastic polymers, nonlimiting 
examples of Which include a blend of one or more high 
molecular Weight polyethylene oxides, one or more loW 
molecular Weight polyethylene glycols, and one or more 
diacid/diol-based aliphatic polyesters; a blend of one or 
more high molecular Weight polyethylene oxides, one or 
more loW molecular Weight polyethylene glycols, and one or 
more aliphatic polyesteramides; and a blend of one or more 
high molecular Weight polyethylene oxides, one or more loW 
molecular Weight polyethylene glycols, and one or more 
polylactic acid polymers. These blends as Well as the above 
described preferred thermoplastic polymer blend and any 
other blend or structure of thermoplastic materials are suit 
able for forming the outer tubular member and plunger 
components of the ?ushable tampon applicators of the 
present invention. 
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[0086] The ?ushable tampon applicators of the present 
invention can also comprise a composite of thermoplastic 
materials. In this context, the term “composite” refers to a 
structure of thermoplastic polymeric materials that are inter 
mingled together or joined such that each thermoplastic 
polymer forms at least one unit of the total composite 
structure. For example, a thermoplastic composite can con 
tain one or more units of Water-dispersible polymers inter 
mixed or joined With one or more units of biodegradable 
polymers such that Within the overall composite structure 
the Water-dispersible polymer units create structural discon 
tinuities betWeen the biodegradable polymer units. In this 
context, the term “structural discontinuities” refers to dis 
crete or separate components that are joined or intermingled 
to provide adjacent or alternate units of individual compo 
nents. Preferably, a thermoplastic composite is constructed 
such that it comprises less than about 99% of Water-dispers 
ible polymers and more than about 1% of biodegradable 
polymers, more preferably less than about 95% of Water 
dispersible polymers and more than about 5% of biodegrad 
able polymers, even more preferably less than about 90% of 
Water-dispersible polymers and more than about 10% of 
biodegradable polymers, by Weight of the composite. HoW 
ever, the thermoplastic composites can be any composite 
combination of Water-dispersible and biodegradable poly 
mers described herein provided that the Water-dispersible 
polymers alloW for rapid dispersion of the biodegradable 
polymers into separate components so that the overall com 
posite structure readily disintegrates upon contact With 
Water. The thermoplastic composite tampon applicators can 
be constructed using knoWn procedures such as injection 
molding and co-injection molding Which eliminate the need 
to assemble separate composite pieces for producing a ?nal 
tampon applicator product. Alternatively, the thermoplastic 
composite tampon applicators can be constructed by mold 
ing separate composite pieces and assembling or joining the 
pieces into a ?nal tampon applicator product, Wherein means 
of assembling or joining the composite pieces include adhe 
sive bonding, heat sealing, ultrasonic Welding, solvent Weld 
ing, dielectric sealing, and mechanical attachment. The 
?ushable tampon applicators of the present invention made 
from thermoplastic composites have been found to be 
readily disposed of by ?ushing doWn a seWage system such 
as a toilet and by the disclosed biodegradation procedures. 
The composite tampon applicators can also be made from a 
composite structure of thermoplastic polymers combined 
With paper, cellulose, cellophane, rayon ?ber, Woven, non 
Woven materials, or combinations thereof. 

[0087] It is contemplated that the ?ushable tampon appli 
cators of the present invention can be constructed 30 in any 
other blend, composite, shape, or con?guration using the 
Water-dispersible and/or biodegradable thermoplastic poly 
mers, and any other desired or optional ingredient described 
herein. Another nonlimiting preferred embodiment includes 
spiral shaped ?ushable tampon applicators made from spi 
rally Wound thermoplastic materials that are held together 
using Water-soluble adhesives. The Water-soluble adhesive 
materials may be any knoWn or otherWise effective Water 
soluble adhesives, but preferably are polyethyloxaZoline and 
methyl cellulose adhesives. 

[0088] The ?ushable tampon applicators of the present 
invention can also comprise a composite of thermoplastic 
material and a non-thermoplastic material Wherein the non 
thermoplastic material is selected from the group including 
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paper, starch, cellulose, cellophane, rayon ?ber, natural ?ber 
fabrics either Woven or nonWoven, and combinations 
thereof. The thermoplastic material may be combined With 
the non-thermoplastic material by various techniques such 
as overmolding or insert molding. In overmolding, the 
non-thermoplastic material, for example a paper tube, is 
placed into an injection mold cavity, the mold clamped shut, 
and a molten thermoplastic resin is injected into the cavity 
such that the non-thermoplastic material is encapsulated or 
partly encapsulated by the thermoplastic material. In a 
tampon applicator, overmolding can provide, for example, a 
means of providing plastic-like features to a paper tube, or 
providing the look and feel of a plastic applicator to a paper 
tube, or providing a means of minimiZing the amount of 
thermoplastic material needed to form the applicator com 
ponents. Both inner and outer tube members may be fabri 
cated from a composite of thermoplastic material and a 
non-thermoplastic material. In insert molding, the non 
thermoplastic material is typically provided in a roll, 
unWound, and then trimmed or formed to a proper preform 
siZe and shape appropriate to insertion into the injection 
mold. The perform (or performs) is placed, along the Wall of 
the mold cavity. The mold is then clamped shut, and the 
thermoplastic material injected into the mold cavity. Heat 
and pressure conditions in the mold cavity bond the perform 
to the thermoplastic resin. Bonding betWeen the thermoplas 
tic material perform may occur through mechanical 
entanglement, adhesion, or via melt bonding or fusion if the 
surface of the non-thermoplastic material has been pre 
treated With a meltable surface coating. The preform com 
prising the non-thermoplastic material, generally becomes 
the surface or part of the surface of the ?nished molded part. 
In a tampon applicator, insert molding can provide, for 
example, a means of attaching a thin, Water-insoluble, 
biodegradable surface layer to a Water-softenable or Water 
dispersable, or Water-degradable, or Water-soluble thermo 
plastic resin. 

[0089] Still yet another nonlimiting embodiment of ?ush 
able tampon applicators include a composite ?ushable tam 
pon applicator made from a combination of Water-dispers 
ible thermoplastic polymers, biodegradable thermoplastic 
polymers, and ?ller. These composite applicator structures 
are less tacky When Wet, non-sticky When Wet, softer, and 
more ?exible than plastic tampon applicators made Without 
?ller components. The ?ller-containing composite applica 
tors also result in reduced manufacturing cost With improved 
processibility of the applicators. Any suitable inorganic 
and/or organic ?ller component can be included in the 
construction of the composite applicator, provided that dur 
ing the processing of the applicator the ?ller does not melt 
and remain in its particle form. Typically, the processing 
temperatures are loWer than the melting temperature and 
decomposition temperature of the ?llers, and during pro 
cessing the Water-dispersible and biodegradable thermoplas 
tic polymers are melted and the ?ller particles are uniformly 
dispersed in the matrix of polymer blends of the Water 
dispersible and biodegradable polymers to result in the 
formation of a composite structure. The ?llers suitable for 
use herein generally are Water insoluble Which help to 
reduce the stickiness of the applicators upon contact of the 
applicators With Water, and Which help to increase the shelf 
stability of the applicators. Also, because the ?llers are in the 
dispersed phase of the composite, they accelerate the disin 
tegration rate When the matrix of polymer blends of Water 
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dispersible and biodegradable polymers start to disintegrate 
after ?ushing into a sewage system such as a toilet. 

[0090] It is preferred that the ?ushable tampon applicators 
of the present invention be constructed from thermoplastic 
materials that are typically in the form of polymer ?lms. It 
should be understood, hoWever, that these thermoplastic 
materials are also suitable for use as ?brous materials in the 
construction of absorbent articles such as tampon pledgets or 
any other ?brous or nonWoven material. 

Composition Morphology 

[0091] Thermoplastic compositions suitable for use in the 
manufacture of ?ushable tampon applicators of the present 
invention can be a blend or other con?guration of polymeric 
materials Which Will result in the compositions exhibiting 
amorphous and crystalline properties that can be character 
iZed in terms of compositional morphology. It has been 
found that a particular blend of Water-dispersible and bio 
degradable polymers described herein results in a thermo 
plastic composition having a de?ned morphology Which 
provides for individual components of the composition to 
have melt pro?les that alloWs for the creation of crystalline 
structures in the form of separate regions or domains Within 
the blended nmixture of thermoplastic materials. Speci? 
cally, it has been found that a thermoplastic composition 
comprising a blend of high molecular Weight polyethylene 
oxides, loW molecular Weight polyethylene glycols, and 
aliphatic polyesteramides or aliphatic/aromatic copolyesters 
exhibits a morphology such that the polyethylene oxides and 
polyethylene glycols form a homogenous blend of Water 
dispersible polymers that surrounds or encloses micro 
domains of the aliphatic polyesteramides or aliphatic/aro 
matic polyesters. In this context the term “microdomain” 
refers to polymer crystalline structures that have particle 
siZes in the submicron to micron siZed region. It has also 
been found that a thermoplastic composition comprising a 
blend of Water dispersible polymers such as high molecular 
Weight polyethylene oxides and/or loW molecular Weight 
polyethylene glycols in combination With biodegradable 
polymers such as diacids/diols aliphatic polyesters forms a 
homogeneous one-phase polymer morphology. 
[0092] The tWo phase crystalline structure of a continuous 
phase of Water-dispersible polymers and a discontinuous 
phase of biodegradable polymer microdomains are espe 
cially effective in forming thermoplastic compositions that 
can be melt processed into ?ushable tampon applicators of 
the present invention Which are readily disposed of Without 
creating any environmental concerns for their disposal. The 
tWo-phase crystalline structure has a morphology pro?le of 
Water-dispersible and biodegradable polymers Wherein in 
the liquid state (temperature above the melting point of the 
individual polymers), the polymers exhibit a heterogeneous 
phase morphology, but can be melt processed to result in a 
solid ?ushable tampon applicator exhibiting homogenous 
properties. Therefore, as used herein the term “homog 
enous” refers to a uniform mixture of materials, Whereas the 
term “heterogeneous” refers to a nonuniform mixture of 
materials. The phase morphology can be determined using 
optical and scanning electron microscopes, for example a 
convenient optical microscopy instrument that can be used 
to determine the phase morphology of the thermoplastic 
compositions described herein is the Zeiss Axioplan 2 
Mot-Imaging Microscope that is equipped With a Linkham 
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MDS-BCS-600 hot stage and that is available from the Carl 
Zeiss Incorporation located in ThornWood, NY. 

[0093] The phase morphology of the Water-dispersible and 
biodegradable polymers de?ned herein can further be 
described in terms of the polymers glass transition tempera 
tures (Tg). The glass transition temperature of polymers or 
any other materials is typically identi?ed as the area on the 
line Where a distinct change in slope occurs, and can be 
determined using a thermal analysis instrument such as the 
2980 Dynamic Mechanical AnalyZer (DMA) in combination 
With Thermal Analyst Data Collection softWare program 
(Thermal Solutions version 2.5) and Data Analysis softWare 
program (Universal Analysis version 25H), all of Which are 
available from T. A. Instruments Incorporation of NeW 
Castle, DelaWare. It has also been found that combinations 
of Water-dispersible and biodegradable polymers exhibit one 
or tWo glass transition temperatures, providing further sup 
port of polymers having one- or tWo-phase morphology 
pro?les. As exempli?ed in Table 1 hereinbeloW, polymer 
blends of Water-dispersible polymers and aliphatic polyes 
teramides exhibit tWo different glass transition temperatures 
indicative of a tWo-phase morphology Wherein polymer 
blends of Water-dispersible polymers and diacids/diols ali 
phatic polyesters exhibit one glass transition temperature 
indicative of a one-phase morphology. 

[0094] It is believed that these morphology properties Will 
also be exhibited in thermoplastic compositions made from 
a composite or any other con?guration of Water dispersible 
and biodegradable polymers described herein. 

TABLE 1 

Glass Transition Behavior of Water-Dispersible/Biodegradable 
Polymers and Polymer Blends 

Tgl Tgz Tg3 
Polymers (0 C.) (O C.) (O C.) 

PEOl -41 _ _ 

PEO1/PEG2-4O/3O blend -33 _ _ 

aliphatic polyesteramide (BAK 404)3 — —7 — 
aliphatic-aromatic copolyester (Eastar 14776)4 — —25 — 
diacid-diol aliphatic polyester (Bionolle 3001)5 — —31 — 
PEO1/BAK 4043-75/25 blend -43 s _ 
PEO1/Eastar 147764-6O/4O blend -42 -24 _ 
PEol/Bienelle 30015-70/30 blend _ _ —36 

PEol/Bienelle 30015-50/50 blend _ _ -2s 

PEol/Bienelle 30015-15/s5 blend _ _ -30 

PEO1/PEG2/BAK 4043-40/30/30 blend -31 -10 _ 
PEO1/PEG2/Eastar 147764-4O/3O/3O blend -41 -27 _ 
PEO1/PEG2/Bionolle 30015-40/30/30 blend _ _ -31 

Tgl-glass transition temperature of Water-dispersible polymer(s) 
Tgz-glass transition temperature of biodegradable polymer 
Tg3—combined glass transition temperature of Water-dispersible and biode 
gradable polymers 
polyethylene oxide available as POLYOX ® WSR-8O from the Union 
Carbide Corporation 

0 et ene co aval a e as - rom nlon ar 1 e ly hyl gly l 'l bl PEG 8000 f U ' C b'd 
3aliphatic polyesteramide available as BAK 404 from Bayer Aktiengesell 
schaft 
4aliphatic-aromatic copolyester available as Eastar Biodegradable Copoly 
ester 14776 from Eastman Chemical 
5diacid-diol aliphatic polyester available as BIONOLLE 3001 from the 
ShoWa Highpolymer Company, Ltd. 

Physical Properties 
[0095] The ?ushable tampon applicators of the present 
invention are made from thermoplastic compositions having 
physical properties of tensile strength at break, percent 
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elongation at break, elastic modulus, and hardness. The 
thermoplastic compositions can include ingredients such as 
?llers, plasticizers, processing aids, dispersing agents, lubri 
cants, resin modi?ers, clarifying/nucleating agents, viscosity 
modi?ers, and the like. Preferred thermoplastic composi 
tions comprise Water-dispersible thermoplastic polymers, 
biodegradable thermoplastic polymers, plasticiZers, and/or 
lubricants, and/or ?llers in various combinations. 

[0096] The tensile strength at break, percent elongation at 
break, and elastic modulus of thermoplastic materials, espe 
cially blends of thermoplastic materials, are determined 
according to methods knoWn in the art. One such method is 
the ASTM D882-95a test method described in “Standard 
Test Method for Tensile Properties of Thin Plastic Sheeting”, 
pages 159-167. This procedure involves testing blends of 
thermoplastic materials for achieving desired properties of 
?exibility, elasticity, durability, unbrittleness, resilency, dis 
tensibility, tenacity, and so forth. Typically, blends of ther 
moplastic materials are injection molded to form “dogbone 
shaped” test samples having dimensions of 1/2 inch length 
(L)><1/s inch Width (W)><1/16 inch height (H), then the “dog 
bone-shaped” test samples are evaluated for tensile strength 
at break, percent elongation at break, and elastic modulus 
using an Instron Tensile Tester (Model 1122 from Instron 
Corporation located in Canton, Mass.) equipped With a 50 
pound load cell, grip separation of 1 inch, a gage length of 
1/2 inches, 5 millimeter jaW gap, and a crosshead speed 
of 2 inches/minute. For each analysis, the “dogbone-shaped” 
test sample is stretched until breakage occurs, and a load 
versus-extension plot is generated for determining the ten 
sile strength at break, percent elongation at break, and elastic 
modulus properties. The tensile strength at break is the load 
at break divided by the cross-sectional area of the test 
sample, and is de?ned in units of mega-Pascal or MPa 
(neWton/square meter). The percent elongation at break is 
determined by dividing the length of the extension at the 
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point of rupture by the gage length, and then multiplying by 
100. Elastic modulus is the slope of the initial linear portion 
of the load-extension curve, and is de?ned in units of MPa. 

[0097] The thermoplastic compositions described herein 
preferably have a harness property such that the composi 
tions exhibit a ?rm resistance to stress or strain, yet are not 
brittle or too soft for processing into ?ushable tampon 
applicators of the present invention. The hardness properties 
are determined according to ASTM D2240-97 test method 
described in “Standard Test Method for Rubber Property 
Durometer Hardness, pages 388-391. Typically, thermoplas 
tic materials are injected molded into bars that are stacked in 
groups of tWo bars per stack Wherein each bar stack has a 
total thickness of Vs inches. The hardness value is measured 
at various points of the bar stack using a hardness instrument 
such as Model 307 L Shore D Durometer from PTC Instru 
ments, and a mean hardness measurement is determined. 

[0098] The preferred thermoplastic compositions for con 
structing the ?ushable tampon applicators of the present 
invention have physical properties similar to or superior to 
physical properties of knoWn thermoplastic materials that 
are used in the manufacture of tampon applicators. For 
example, polyethylene-based thermoplastic polymers typi 
cally have elastic modulus properties of from about 80 MPa 
to about 200 MPa, Wherein other thermoplastic polymers 
such as polypropylene-based polymers have elastic modulus 
of from about 1000 MPa to about 1500 MPa. It has been 
found that the thermoplastic compositions described herein 
exhibit desirable properties of an elastic modulus value of 
less than 1000 MPa, and this elastic modulus attribute in 
addition to the other described physical properties result in 
thermoplastic compositions having ?exibility, elasticity, 
durability, resilency, distensibility, tenacity, and the like. The 
physical properties of the preferred thermoplastic composi 
tions are exempli?ed hereinbeloW in Table 2. 

TABLE 2 

Thermoplastic Compositions Physical Properties 

Tensile Percent 
Strength Elongation Elastic 
at break at break Modulus Hardness 

Sample (MPa) (%) (MPa) (Shore D) 

PEOl/PEGz/Biomer 209H6 (40/30/30 blend) 6 20 310 58 
PEO1/PEG2/Bionolle 30015 (40/30/30 blend) 8 460 220 51 
PEO1/PEG2/Bionolle 30015 (66/17/17 blend) 5 80 270 52 
PEO1/PEG2/Eastar 147764 (40/30/30 blend) 6 80 230 51 
PEO1/PEG2/BAK 4043 (40/30/30 blend) 11 20 250 57 
PEO1/PEG2/BAK 4043 (40/40/20 blend) 9 20 340 60 
PEO1/PEG2/BAK3/P-6457 (36/27/27/10 blend) 8 46 190 51 
PEO1/PEG2/BAK3/P-41418 (36/27/27/10 blend) 7 48 180 51 
PEO1/PEG2/PLA 441)9 (40/30/30 blend) 19 13 530 67 
PEO1/PEG2/PLA 62-501)9 (40/30/30 blend) 22 10 510 67 
PEOl/PEG2/Eastar4/P-6457/CaCO310 (11/9/20/10/50 blend) 3 27 90 43 
PEO1/PEG2/Eastar4/P-6457/CaCO31D (24/18/18/10/30 blend) 5 60 166 49 
PEO1/PEG2/Eastar4/P-6457/CaCO31D (29/21/10/10/30 blend) 4 18 227 52 
PEG2/PEG11/Eastar4/P-6457/CaCO310 (20/5/40/5/30 blend) 6 12 174 48 
PEO1/PEG2/Eastar4/P-6457/CaCO31D (16/12/12/10/50 blend) 5 13 184 47 
PEO1/PEG2/Eastar4/P-6457/I‘alc12 (17/13/10/10/50 blend) 5 16 173 43 
PEO1/PEG2/Eastar4/P-6457/I‘alc12 (24/18/18/10/30 blend) 4 40 303 47 
PEOl/PEG2/Eastar4/AB13/Wood ?our14/I‘iO215/Kemamide E16 17 5 640 61 
(17/17/25/5/30/5/1 blend) 
PEO1/PEG2/Eastar4/Starch17/P-6457/Kemamide E16 2 22 9s 34 
(18/13/13/50/5/1 blend) 
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Thermoplastic Compositions Physical Properties 

Tensile Percent 

Strength Elongation Elastic 
at break at break Modulus Hardness 

Sample (MPa) (%) (MPa) (Shore D) 

PEO1/PEG2/Eastar4/Starch18/P-6457/Kemamide E16/MgSt19 4 180 160 46 
(15/10/37/30/5/1/2 blend) 
PEO1/Eastar4/CaCO31D/P-6457 (18/15/65/4 blend) 7 58 230 53 
PEO1/PEG2/Eastar4/CaCO31U/P—6457/Kemamide E16 6 95 180 49 
(15/10/29/40/5/1 blend) 
PEO1/PEG2/Eastar4/CaCO31D/P-6457/MgSt19/LoXiol G3320 5 310 160 43 

(15/10/26/40/5/2/2 blend) 
PEO1/PEG2/Eastar4/CaCO31D/P-6457/Kemamide E16 s 450 180 49 
(15/10/39/30/5/1 blend) 
PEO1/PEG2/Eastar4/CaCO31D/P-6457/Kemamide Els/Para?in 5 340 140 42 
WaX21 (15/10/34/30/5/1/5 blend) 
PEO1/Eastar4/CaCO31D/P—6457/Kemamide E16 10 640 83 44 
(25/39/30/5/1 blend) 
PEG2/Eastar4/CaCO310/MgSt19 (17.5/64/17.5/1 blend) 6 650 150 46 
PEGZ/Eastar4/CaCO31D/MgSt19/P-64322/DC4-7051E 10 1040 68 37 

(15/62/15/1/5/2 blend) 
PEO1/PEG2/Eastar4/CaCO31D/P-6457/MgSt19/DC950623 5 130 150 44 

(15/10/26/40/5/2/2 blend) 
PEO1/PEG2/Eastar4/CaCO310/P-6457/MgSt19/LoXiol 5 130 150 44 

G3320/Kraton G 165224 (14.5/9.5/25.5/39.5/5/2/2/2 blend) 

6polyhydroXyalkanoate available as Biomer 209H from Biomer, Frost-Kasten-Str., Krailling, Germany 
7adipate polyester plasticiZer available as Plasthall 645 from C. P Hall 
8triethylene glycol caprate-caprylate plasticizer available as Plasthall 4141 from C. P. Hall 
9polylactic acids available as PLA 44D grade and PLA 62-50D grade from Cargill-DoW Polymers, LLC 
10calcium carbonate available as Vicron 15-15 from Specialty Mineral 
11polyethylene glycol available as PEG-600 from Union Carbide 
12talc available as ABT 2500 from Specialty Mineral 
13AB anti-block processing aid available from Eastman Chemical 
14pine Wood flour available as Pine Wood Flour Grade 10020 from American Wood Fibers 
15titanium dioXide available from DuPont White Pigment & Mineral Products 
16euracamide available as Kemamide E Ultra from Crompton Corpration 
17Food grade corn starch available as Staley Pure Food PoWdered from A. E. Staley Manufacturing Co. 
18Food grade corn starch available as National Starch Melojel from National Starch & Chemical 

19Magnesium Stearate available from Aldrich Chemical Company 
2Uester WaX of fatty acid and fatty alcohol available as LoXiol G33 from Cognis Plastics Technology 
21paraflt'lnic hydrocarbon WaX available as Paraflint H-1 from Moore & Munger Inc 

22adipate polyester plasticiZer available as Plasthall 643 from C. P. Hall 
23silicone elastomer poWder available as DC 9506 from DoW Corning 

24SEBS, tri-block copolymer of styrene and ethylene-butylene With poly(ethylene—butylene) in the center 
available as Kraton G 1652 from Kraton Polymers 
25silicone resin modi?er available as DC4-7051 from DoW Corning 

[0099] The thermoplastic compositions also have physical 
properties of dry and Wet ?exural modulus. The dry ?eXural 
modulus is determined according to ASTM D5943-96 test 
method described in “Standard Test Method for Determining 
FleXural Properties of Plastics”, pages 708-712. This pro 
cedure involves injection molding thermoplastic materials 
into “beams” of test samples having 5 inch L><1/z inch W><1/s 
inch H. Generally, the test samples are pre-loaded With 0.01 
pounds of force, thereafter a force loading is applied at a rate 
of 0.1 inches per minute, and a stress-versus-strain curve is 
generated to determine the dry ?eXural modulus property. 
The dry ?eXural modulus is the slope of the stress-strain 
curve as calculated in the linear region of from about 0.05% 
to about 0.25% of the ?eXural strain. The Wet ?eXural 
modulus is determined by submerging the dry “beams” of 

test samples in Water at time intervals of 5 minutes, 15 
minutes, and 60 minutes, and observing the softening of the 
test samples. As used herein, the term “softening” refers to 
materials that readily lose their stiffness or undergo a 
decrease in ?eXural modulus property upon contact With 
Water. It has been found that the preferred thermoplastic 
compositions described herein undergo a signi?cant 
decrease in ?exural modulus upon contact of the composi 
tion With Water. This decrease in ?eXural modulus property 
provides for thermoplastic compositions that are manufac 
tured into ?ushable tampon applicators that readily lose their 
structural integrity in Water for easy disposal doWn a seWage 
system such as a toilet. Dry and Wet ?eXural modulus 
properties of preferred thermoplastic compositions are 
exempli?ed hereinbeloW in Table 3. 
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TABLE 3 

Flexural Modulus Physical Properties 

Wet Wet Wet 

Dry Flexural Flexural Flexural 
Flexural Modulus Modulus Modulus 

Modulus (MPa) (MPa) (MPa) 
Sample (MPa) at 5 min. at 15 min. at 60 min. 

PEO1/PEG2/Biomer 209H6 (40/30/30 blend) 700 290 140 40 
PEO1/PEG2/Bionolle 30015 (40/30/30 blend) 540 180 140 30 
PEO1/PEG2/Bionolle 30015 (66/17/17 blend) 450 190 150 50 
PEO1/PEG2/Eastar 147764 (40/30/30 blend) 610 180 120 20 
PEO1/PEG2/BAK 4043 (40/30/30 blend) 720 210 100 40 
PEO1/PEG2/BAK 4043 (40/40/20 blend) 840 450 300 60 
PEO1/PEG2/BAK3/P-6457 (36/27/27/10 blend) 360 230 150 30 
PEO1/PEG2/BAK3/P-41418 (36/27/27/10 blend) 350 220 120 40 
PEO1/PEG2/PLA 44D9 (40/30/30 blend) 1280 700 430 260 
PEO1/PEG2/PLA 62-501)9 (40/30/30 blend) 1220 660 450 220 
PEO1/PEG2/Eastar4/P-6457/CaCO31U (11/9/20/10/50 blend) 206 154 106 42 
PEO1/PEG2/Eastar4/P-6457/CaCO31D (24/18/18/10/30 blend) 377 211 181 61 
PEO1/PEG2/Eastar4/P-6457/CaCO31U (29/21/10/10/30 blend) 549 211 163 28 
PEGZ/PEGH/l~:nstnr“/P-6457/cnco310 (20/5/40/5/30 blend) 292 257 226 210 
PEO1/PEG2/Eastar4/P-6457/CaCO31U (16/12/12/10/50 blend) 473 243 182 72 
PEO1/PEG2/Eastar4/P-6457/I‘alc12 (17/13/10/10/50 blend) 554 280 246 77 
PEO1/PEG2/Eastar4/P-6457/I‘alc12 (24/18/18/10/30 blend) 745 434 320 140 
PEO1/PEG2/Eastar4/AB13/Wood ?our14/I‘iO215/Kemamide E16 2050 1120 — 260 

(17/17/25/5/30/5/1 blend) 
PEO1/PEG2/Eastar4/Starch17/P—6457/Kemamide E16 330 130 — 12 

(18/13/13/50/5/1 blend) 
PEO1/PEG2/Eastar4/Starch18/P—6457/Kemamide E16/MgSt19 360 308 211 120 

(15/10/37/30/5/1/2 blend) 
PEO1/Eastar4/CaCO31D/P-6457 (18/15/65/4 blend) 430 278 177 52 
PEO1/PEG2/Eastar4/CaCO310/P—6457/Kemamide E16 390 270 206 83 
(15/10/29/40/5/1 blend) 
PEO1/PEG2/Eastar4/CaCO31D/P-6457/MgSt19/Loxiol G332O 410 271 203 81 

(15/10/26/40/5/2/2 blend) 
PEO1/PEG2/Eastar4/CaCO310/P—6457/Kemamide E16 380 302 234 125 

(15/10/39/30/5/1 blend) 
PEO1/Eastar4/CaCO31D/P—6457/Kemamide E16 200 184 179 99 

(25/39/30/5/1 blend) 
PEO1/PEG2/Eastar4/CaCO31D/P—6457/Kemamide Els/Para?in 300 205 187 94 
Waxzl (15/10/34/30/5/1/5 blend) 
PEG2/Eastar4/CaCO31U/MgSt19 (17.5/64/17.1/1 blend) 320 263 245 228 
PEG2/Eastar4/CaCO310/MgSt19/P-64322/DC4-7O51E 140 128 133 116 

(15/62/15/1/5/2 blend) 

[0100] The thermoplastic compositions also have physical 
properties of Weight loss in Water Which can be determined 
by the percent Weight loss of a dry specimen sample of a 
thermoplastic composition that has been submerged in Water 
for time intervals of 5 minutes, 1 hour, 24 hours, and 1 Week. 
For example, dry injection molded thermoplastic composi 
tions having a thickness of about Vs inches are Weighed to 
ascertain the dry specimens dry Weight. The dry specimens 
are then soaked in Water for a duration of 5 minutes, 1 hour, 
24 hours, or 1 Week, Wherein dependent on the type of 
thermoplastic composition dissolution of the Water-soaked 
specimen occurs. The Water-soaked specimens are recov 
ered for drying in a Blue M oven for 16 hours at 40° C. to 
obtain a ?nal Weight loss. The percent Weight loss is 
calculated by subtracting the Weight of dried Water-soaked 
specimens minus the dry specimens initial Weight, divided 
by the dry specimens initial Weight, and multiplied by 100. 

The percent Weight loss values of thermoplastic composi 
tions described herein are exempli?ed hereinbeloW in Table 
4. A negative percent Weight loss value is indicative of the 
thermoplastic composition being able to readily dissolve or 
disintegrate in Water, and a positive percent Weight loss 
value is indicative of the thermoplastic composition being 
able to maintain its structural integrity in Water and not 
readily break apart into unrecognizable pieces. It has been 
found that the preferred thermoplastic compositions 
described herein can be molded into ?ushable tampon 
applicators of the present invention that exhibit a Weight loss 
in Water such that after being submerged for a period of 5 
minutes the tampon applicators are capable or readily break 
ing apart, an observation of such tampon applicators being 
suitable for disposal by ?ushing doWn a toilet. These ?ush 
able tampon applicators exhibited a signi?cant Weight loss 
in Water over a time period of 24 hours. 
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TABLE 4 

% Weight (Wt) Loss Physical Property 

% Wt. % Wt. % Wt. % Wt. 
loss loss loss loss 

(5 min, (1 hour (24 hours (1 Week 
Sample soaking) soaking) soaking) soaking) 

PEO1/PEG2/Biomer 209H6 (40/30/30 blend) -4 -22 —69 -s7 
PEO1/PEG2/Bionolle 30015 (40/30/30 blend) -8 -16 -63 —67 
PEO1/PEG2/Bionolle 30015 (66/17/17 blend) -4 -66 —76 -s0 
PEO1/PEG2/Eastar 147764 (40/30/30 blend) -3 -15 —69 -73 
PEO1/PEG2/BAK 4043 (40/30/30 blend) -6 -19 -73 -77 
PEO1/PEG2/BAK 4043 (40/40/20 blend) -12 -61 -100 -100 
PEO1/PEG2/BAK3/P-6457 (36/27/27/10 blend) 6 -22 -61 —67 
PEO1/PEG2/BAK3/P-41418 (36/27/27/10 blend) 1 -1s -60 —65 
PEO1/PEG2/PLA 44D9 (40/30/30 blend) 3 -7 -51 —56 
PEO1/PEG2/PLA 62-50D9 (40/30/30 blend) 1 -11 -52 —56 
PEO1/PEG2/Eastar4/P-6457/CaCO31D (11/9/20/10/50 blend) -2 -s -11 -21 
PEO1/PEG2/Eastar4/P-6457/CaCO31D (24/18/18/10/30 blend) -1 -6 -37 -39 
PEO1/PEG2/Eastar4/P-6457/CaCO31D (29/21/10/10/30 blend) -2 -22 _ -77 
PEG2/PEG11/Eastar4/P-6457/CaCO31D (20/5/40/5/30 blend) -3 -6 -1s -20 
PEO1/PEG2/Eastar4/P-6457/CaCO31D (16/12/12/10/50 blend) -2 -10 -34 -35 
PEO1/PEG2/Eastar4/P-6457/I‘alc12 (17/13/10/10/50 blend) -3 -s -29 -30 
PEO1/PEG2/Eastar4/P-6457/I‘alc12 (24/18/18/10/30 blend) 0 -5 -40 -41 

Disintegration Rate 

[0101] The ?ushable tampon applicators of the present 
invention are constructed of Water-dispersible and biode 
gradable components to provide for applicators that readily 
lose their structural integrity and disintegrate in Water, 
especially in Water from a Waste disposal system. It has been 
shoWn that the ?ushable tampon applicators of the present 
invention can soften and disintegrate into unrecognizable 
pieces in about an hour of exposure to WasteWater. Pro 
longed exposure Which is indicative of municipal Waste 
disposal means results in further disintegration of these 
?ushable tampon applicators. 

[0102] To test the disintegration rate of a ?ushable tampon 
applicator comprising thermoplastic materials, the applica 
tor is initially Weighed to obtain an initial dry Weight, and 
then the applicator is exposed to WasteWater at time intervals 
of 1 hour, 6 hours, 24 hours, and 48 hours. Suitable Waste 
Water that can be used in the disintegration test include 
in?uent WasteWater that can be obtained from a municipal 
Waste treatment plant. 

[0103] Thermoplastic tampon applicator products and 
control samples are each submerged in about one liter of 
WasteWater and alloWed to shake using any suitable rotary 
?oor shaker capable of shaking the control/WasteWater and 
applicator/WasteWater test samples at a shaker rate of 150 
revolutions per minute Control samples Which can be 
used for this disintegration test include about 3-5 grams of 
?uted or folded Whatman #41 ?lter paper (i.e., about 3-4 
pieces of the ?lter paper for each control sample). 

[0104] After a shaking period of one hour, visual obser 
vations of the test sample are recorded for any noticeable 
structural differences in the tampon applicator. After shaking 
periods of 6 hour, 24 hours, and 48 hours the test sample is 
?ltered using sieves arranged from top to bottom in the 
folloWing order: 8 millimeter (mn) sieve, 4 mm sieve, 2 mm 
sieve, 1 mm sieve, and a 0.5 mm sieve. The remaining solids 
of the test sample captured on the 8 mm sieve is then gently 
rinsed for 5 minutes using a hand-held shoWerhead spray 

noZZle While minimizing the passage of retained remaining 
solids to the next smaller sieve. The 8 mm sieve is removed, 
and the remaining solids on the next smaller sieve is rinsed 
for 5 minutes. The 5 minute rinsing cycle is performed on 
each sieve containing retained remaining solids. 

[0105] After rinsing, the retained test sample from each 
sieve is transferred using forceps or commercial paint 
brushes to individual aluminum pans, and the aluminum 
pans are placed in a Blue M oven at 40° C. to dry overnight. 
The dried test sample is Weighed, and the retained fraction 
of each control and applicator product is determined using 
the folloWing calculation: 

Dried retained fraction on sieve (gm) 
% of Retained Fraction: ><l00 

Initial Weight of sample (gm) 

[0106] It has been found that the tampon applicators of the 
present invention readily soften and disintegrate after being 
submerged in WasteWater for one hour With substantially 
increased disintegration after only 6 hours of exposure. 
These tampon applicators are suitable for ?ushing in a 
seWage system such as a toilet due to their ability to readily 
break apart and dissolve in WasteWater produced from toilet 
septic tanks. Data shoWing the disintegration rate of ?ush 
able tampon applicators of the present invention is exem 
pli?ed hereinbeloW. 

PEO1/PEG2/Eastar4 (40/30/30 blend) 

8mm 4mm 2mm 1mm 0.5mm 
Disintegration Rate sieve sieve sieve sieve sieve 

% Initial Fraction 100 — — — — 

6 hour % Retained Fraction 40.79 0.00 0.00 0.03 0.08 
24 hour % Retained Fraction 30.71 0.19 0.00 0.00 0.10 
48 hour % Retained Fraction 32.31 0.00 0.03 0.03 0.07 
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[0107] [0112] 

PEOI/PEGZ/BAK 4043 40/30/30 blend PEOl/PEG2/Eastar4/Starch17/P-6457/Kemamide E16 
(18 13 13 50 5 1 blend) 

8mm 4mm 2mm 1mm 0.5mm 
Disintegration Rate sieve sieve sieve sieve sieve 8 mm 4 mm 2 mm 1 mm 0.5 mm 

Disintegration Rate sieve sieve sieve sieve sieve 
% Initial Fraction 100 — — — — 

6 hour % Retained Fraction 10.61 3.89 0.25 0.08 2.33 % Initial Fraction 100 — — — — 

24 hour % Retained Fraction 7.63 1.91 0.36 0.50 3.43 6 hour % Retained Fraction 4.36 1.56 7.65 4.77 4.53 
48 hour % Retained Fraction 4.48 2.09 0.89 0.91 2.62 24 hour % Retained Fraction 0.00 0.64 3.37 6.72 10.88 

48 hour % Retained Fraction 0.00 0.00 2.18 5.36 9.14 

[0108] 
[0113] 

PEO PEG Bionelle 30015 (40 30 30 blend) 
PEO1/PEGz/Eastar‘l/R6457/I‘alc12 (24/18/18/10/30 blend) 

8mm 4mm 2mm 1mm 0.5mm 
Disintegration Rate sieve sieve sieve sieve sieve 8 mm 4 mm 2 mm 1 mm 0.5 mm 

Disintegration Rate sieve sieve sieve sieve sieve 
% Initial Fraction 100 — — — — 

6 hour % Retained Fraction 56.35 0.00 0.00 0.00 0.00 % Initial Fraction 100 — — — — 

24 hour % Retained Fraction 51.40 0.00 0.00 0.00 0.00 6 hour % Retained Fraction 66.68 0.00 0.00 0.00 0.00 
48 hour % Retained Fraction 42.46 0.00 0.00 0.00 0.11 24 hour % Retained Fraction 57.24 0.00 1.17 0.47 0.30 

48 hour % Retained Fraction 55.44 0.19 1.86 1.03 0.97 

[0109] 
[0114] 

PEOl/PEGz/PLA 44D9 (40/30/30 blend) 
PEO1/PEG2/Eastar4/P—6457/CaCO 10 (11/9/20/10/50 blend) 

8mm 4mm 2mm 1mm 0.5mm 
Disintegration Rate sieve sieve sieve sieve sieve 8 mm 4 mm 2 mm 1 mm 05 mm 

Disintegration Rate sieve sieve sieve sieve sieve 
% Initial Fraction 100 — — — — _ _ _ 

6 l’lOllr % Retained Fraction 2.06 2.96 3.82 5.58 0.07 % Inmal Fracnon 100 — — — — 

24 hour % Retained Fraction 1_39 358 215 3_93 506 6 hour % Retained Fraction 5.25 5.41 21.32 12.08 3.94 
48 hour % Retained Fraction 182 656 5_44 516 532 24 hour % Retained Fraction 2.73 2.51 7.09 16.71 10.51 

48 hour % Retained Fraction 0.00 0.89 4.67 8.83 11.53 

[0110] 
[0115] 

PEol/PEGz/Biomer 209H6 (40/30/30 blend) 
PEOl PEG2 Eastar4 P-6457 CaCO 10 (24 18 18 10 30 blend) 

8mm 4mm 2mm 1mm 0.5mm 

Disintegration Rate sieve sieve sieve sieve sieve 8 mm 4 mm 2 mm 1 mm 05 mm 

% Initial Fraction 100 _ _ _ _ Disintegration Rate sieve sieve sieve sieve sieve 

6 hour % Retained Fraction 0.00 0.08 0.00 0.08 0.52 % Initial Fraction 100 _ _ _ _ 

24 hour % Retamd Pram?“ O-OO O10 O04 015 966 6 l’lOllr % Retained Fraction 9.72 12.69 20.19 4.17 2.35 
48 hour % Retamed Fractlon O-OO O-OO O-OO O17 1-36 24 l’lOllr % Retained Fraction 2.17 3.90 16.02 12.87 3.53 

48 hour % Retained Fraction 0.00 13.41 11.36 9.52 3.19 

[0111] 
Optional Components 

pEO1/PEG2/EaStar4/ABl3/wood ?Our14/riO215/Kemamide E16 [0116] The ?ushable tampon applicators of the present 
(17/17/25/5/30/5/1 blend) invention can comprise optional ingredients in combination 

With the Water-dispersible and biodegradable components 
8mm 4mm2mm1mm 0.5mm h . th t. 1. d. t .db ?ttth ? 1 

Disintegration Rate sieve sieve sieve sieve sieve W ereln 6 Op Iona lngre len S provl e ene S 0 6 na 
product or to the thermoplastic materials used in making the 

% Initial Fraction _ 100 — — — — ?nal product. Such bene?ts include, but are not limited to, 
6 hour % Retamed Fem“ 23-54 O-OO 083 116 1-87 stabilit includin oxidative stabilit bn htness ?exibilit 
24 l’lOllr % Retained Fraction 6.31 2.39 3.34 3.11 3.31 _ _ y g _ _ y’ g ’ _ y’ 

48 l’lOllr % Retained Fraction 0.00 3.71 2.75 2.73 3.63 reslllenqé toughness, workablllty, Odor Control, Improved 
strength, improved modulus, improved melt ?oW character 
istics, and/or distensibility of the thermoplastic composi 
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tions. The ?ushable tampon applicators typically comprise 
from about 0.05% to about 25% of optional ingredients by 
Weight of the applicator. The optional ingredients include 
plasticiZing agents, antioxidants, slip agents, optical bright 
eners, crystalliZation accelerators or retarders, ?oW promot 
ers, processing aids, pigments or colorants, mold release 
agents, nucleating agents, coating agents, gelling agents, 
antistatic agents, dispersing agents, compatibiliZers, lubri 
cants, surfactants, heat stabiliZers including magnesium 
stearate, odor masking agents, opacifying agents such as 
aluminum oxide, dyes, viscosity modi?ers, ester Waxes, 
elastomers, and mixtures thereof. The optional plasticiZing 
agents, coating agents, viscosity modi?ers, and lubricants, 
are described in detail hereinbeloW. 

[0117] A speci?c example of a slip agent is Kemamide E 
Ultra Which is commercially available from the Crompton 
Corporation (Taft, Los Angeles). 
[0118] peci?c examples of optional processing aids 
include, but are not limited to, the acrylic polymers com 
mercially available from the ATOFINA Chemicals Incorpo 
ration (Philadelphia, Pa.) under the Metablen P-550, Meta 
blen P-710 SD, and Metablen C-303 tradenames. 

[0119] Speci?c examples of optional nucleating agents 
include, but are not limited to, Licomont CaV 102 and 
Licomont NaV 101, both of Which are commercially avail 
able from the Clariant Corporation (Coventry, RI); and 
Millad 3988 Which is commercially available from Milliken 
Chemical (Inman, SC). 
[0120] A speci?c example of an optional heat stabiliZer is 
Thermolite 890S Which is commercially available from the 
ATOFINA Chemicals Incorporation. 

[0121] Speci?c examples of optional elastomers include, 
but are not limited to, Kraton L207, Kraton L1203, Kraton 
L2203, and Kraton G 1652, all of Which are commercially 
available from Kraton Polymers (Houston, Tex.). 

[0122] Optional PlasticiZing Agent 
[0123] If a plasticiZing agent is included With thermoplas 
tic polymers for making the ?ushable tampon applicators of 
the present invention, the plasticiZer is included at concen 
trations ranging from about 1% to 20 about 25% by Weight 
of the applicator. In this context, the term “plasticiZing 
agent” refers to any organic compound that, When added to 
a thermoplastic polymer, can provide modi?cation to the 
polymer’s morphology to result in increased ease of pro 
cessing of the polymer and increased toughness and Hex 
ibility of the polymer after processing. Examples of optional 
plasticiZing agents include glycerin, glycerin derivatives 
such as triacetin and glycerol monostearate, sorbitol, eritol, 
glucidol, mannitol, sucrose, ethylene glycol, propylene gly 
col, diethylene glycol, triethylene glycol, diethylene glycol 
dibenZoate, dipropylene glycol dibenZoate, triethylene gly 
col caprate-caprylate, butylene glycol, pentamethylene gly 
col, hexamethylene glycol, diisobutyl adipate, oleic amide, 
erucic amide, pannitic amide, dimethyl acetamide, dimethyl 
sulfoxide, methyl pyrrolidone, tetramethylene sulfone, oxa 
monoacids, oxa diacids, polyoxa diacids, diglycolic acids, 
triethyl citrate, acetyl triethyl citrate, tri-n-butyl citrate, 
acetyl tri-n-butyl citrate, acetyl tri-n-hexyl citrate, alkyl 
lactates, phthalate polyesters excluding the aromatic tereph 
thalate polyesters suitable for use as a biodegradable poly 
mer herein, adipate polyesters, glutate polyesters, diisononyl 
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phthalate, diisodecyl phthalate, dihexyl phthalate, alkyl 
alylether diester adipate, dibutoxyethoxyethyl adipate, and 
mixtures thereof. 

[0124] Examples of commercially available plasticiZers 
include the adipate polyesters sold under the Plasthall P-645, 
Plasthall P-643, Plasthall HA7A, Paraplex G-54, and Para 
plex G-50 tradenames; triethylene glycol caprate-caprylate 
sold under the Plasthall 4141 tradename; the polyesters sold 
under the Paraplex A-8200 and Paraplex A-8040 trade 
names; the polyester glutarate sold under the Plasthall P-550 
tradename; diisononyl phthalate sold under the Plasthall 
DINP tradename; dibutoxyethoxyethyl adipate sold under 
the Plasthall 226 tradename; and the Supermix Plasthall 226 
and Supermix Paraplex G-50; all of Which are available 
from the C. P. Hall Corporation (Chicago, Ill.). 

[0125] Optional Coating Agent 

[0126] The ?ushable tampon applicators of the present 
invention preferably comprise from about 0.05% to about 
10% of a coating agent by Weight of the applicator. The 
coating agent provides stability to the ?nal applicator prod 
uct by serving as a moisture barrier, and is considered to be 
effective in reducing or eliminating the sticky or slippery 
?lm feel that can occur When the applicator comes in contact 
With air-laden or human moisture. The coating agent can be 
applied using any suitable coating technique knoWn in the 
art for effectively applying a coating material on the outer or 
exterior surface of a thermoplastic material used to form a 
?ushable tampon applicator. Some knoWn effective coating 
methods can be typically described as tumbling coating, 
spray coating, brushing, dip coating, slot coating, gravure 
coating, extrusion coating, co-extrusion coating, and the 
like. 

[0127] While the coating material can be applied directly 
to the outer or exterior surface of a thermoplastic material 
described herein, the coating material can also be applied as 
a coating solution. The coating solution comprises the 
coating solubiliZed in a volatile solvent, Wherein suitable 
volatile solvents include saturated and unsaturated hydro 
carbons such as heptane, cyclohexane, and toluene; haloge 
nated hydrocarbons such as chlorobenZene, chloroform, and 
methylene chloride; hydrocarbon alcohol ethers; and mix 
tures thereof. 

[0128] Optional preferred coating agents suitable for use 
herein include Waxes, hydrogenated vegetable oils, food 
grade shellac, epoxy resins, vinylidene chloride copolymer 
latexes, polysiloxanes, sucrose fatty acid esters, and mix 
tures thereof. A speci?c example of a vinylidene chloride 
copolymer latex is Daran SL 143 Which is commercially 
available from the Hampshire Chemical Corporation. 

[0129] Speci?c nonlimiting examples of Waxes suitable 
for use as an optional preferred coating agent include animal 
Waxes (e.g., beesWax, spermaceti, lanolin, and shellac Wax); 
vegetable Waxes (e.g., carnauba, candelilla, bayberry, and 
sugar cane); mineral Waxes (e.g., fossil or earth Waxes such 
as oZokerite, ceresin, and montan, or petroleum Waxes such 
as paraf?n, microcrystalline, petrolatum, slack and scale 
Wax); chlorinated naphthalenes (e.g., “HaloWax”); and mix 
tures thereof. A speci?c example of a paraf?n Wax is 
Para?int H-1 Which is commercially available from the 
Moore & Munger Incorporation located in Shelton, Conn. 




















