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For particles reduces the incidence of caries, gingivitis, and mouth odors as well as

generally improving oral hygiene. Conventional brushing has been found to be

10 inadequate for removing all entrapped food particles and plaque. To supplement
brushing, dental flosses and tapes are used.

Dental flosses, both in brush and thin floss form, often include additives
such as flavors or colors. These flavors have beenl conventionally applied by coating
the additive onto the surface of the floss.

15 Improved dental flosses are formed of multiple filaments that include
two or more components selected to provide desired properties to the floss. For
example, the filaments may include an inner core selected to provide strength to the
floss, and an outer layer selected to provide a desired surface property, e.g.,
slipperiness, softness, or abrasi\)eness, or to deliver/release a flavor, clinical, or other

20 compound. Manufacturing floss from two or more different components can provide
the floss with the desired characteristics of each component (e.g., good tensile strength
and slipperiness), Which otherwise might be uﬁayailable from a single component.

Multicomponent dental flosses .referred to as the "islands-in-the-sea"
embodiment include one or more inner filament cores ("islands"), which provide for a

25  high degree of structural integrity including desirable tensile strength, embedded in a
single floss body/outer continuous sheath ("sea") which provides desirable surface
properties' to the ﬂoss, such as slipperiness, softness or a more abrasive surface. A
separate sheath surrounding the floss body may also be used to provide desirable
surface properties to the floss.

30 A further aspect of the invention features improved multicomponent
dental flosses in which one or more of the components includes an additive, e.g., a

color, fragrance, flavor or active ingredient, which is releasable from the floss: The
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10  but also reduces the amount of additive needed.

The improved flosses of ihe invention can be made by a method which

includes coextruding two or more polymers through a muiticomponent die to form a
plurality of multicomponent filaments; and tréating the filamenté to form a
multifilament fiber adapted for use as a dental floss.

15 The method for manufacturing "islands-in-the-sea" includes coextruding
two or more polymers through a multicomponent die-and-slot arrangement to form
filaments of one or more components embedded in a body of another component.
Specifically, one or more filaments, each having an inner core and an outer sheath of a
different material, are simultaneously coextruded through a die with multiple, separate,

20  small-diameter holes. These filaments are then immediately forced through a slot,
causing the filament sheath material to coalesce into a continuous floss body in which
the core filaments are embedded.

Additionally, the invention fea.tures methods of flossing the teeth of, e.g.,
a human, by inserting between two teeth a length of a dental floss of the invention, and

25  also features flosses with a pearlescent appearance.

Other features and advantages of the invention will be apparent from the
drawings, the following Detailed Description: -

Figs. 1 and 1a are schematic views of production lines for manufacturing
coextruded dental floss according to the multifilament and the "islands-in-the-sea"

30 embodiments of the invention, respectively.

Fig. 2 is a cross-sectional view of a spinneret usable to produce

multicomponent, coextruded flosses of the present invention.
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Fig. 7 is an electronmicrograph of a filament containing
kaolin particles in its sheath component.

15 Before the present multicomponent dental flosses and processes for
extruding such are described, it is to be undérstood that the invention is not limited to
the particular embodiments or extrusion methodologies described. Such floss
components and methodologies may, of course, var'y. It is also to be understood that
the terminology used herein is for the purpose of describing particular embodiments

20 only, and is not intended to be limiting. Instead, the scope of the present invention will
be established only by the appended claims.

It must be noted that as used in this specification and the appended
claims, the singular forms "a", "an" and "the;' include plural reference unless the
context clearly dictates otherwise. Thus, for example, reference to "a polymer"

25  includes mixtures of different polymers.

Unless defined otherwise all technical and scientific terms used herein
have the same meaning as commonly understood to one of ordinary skill in the art to
which this invention belongs. Although any methods and materials similar or
equivalent to those described herein can be used in the practice or testing of the present

30 invention, the preferred methods and materials are now described. All publications

mentioned herein are incorporated herein by reference.
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Fi g. 2a Showempbuents arespresest ot therfosmqfimubstantinllypsepeats plipsebaving b aistinei n-
interface between them, rather than being intermixed after simultaneous but separate
extrusion. The filaments are preferably formed by processes which are referred to in
the art as "coextrusion”, but the term "multicomponent coextruded", as used herein,
encompasses filaments having the structure described herein which are manufactured by

10  processes other than coextrusion. The term "dental floss", as used herein, is defined to

include dental flosses, dental tapes, and similar articles.

In a first embodiment of the invention, the floss includes multiple,
multicomponent filaments. Each of the multiple components of each filament
contributes a desired physical property to the filaments and thus to the floss. Some

15  preferred filaments include an outer sheath which is soft, slippery, or abrasive, to
improve the eaée of insertion, comfort and cleaning capability, respectively, of the
floss, and an inner core that provides other desired physical properties such as higher
tensile strength and resiliency than are available with the sheath material alone and/or
serves as a carrier for additives, such as flavors, scents and medicaments. These

20 filaments may or may not impart bulking capability to the floss, as disclosed in U.S.
Pat. Appl. Nos. 08/467,814 and 08/471,636.

Where the outer layer is intended to provide softness to ease insertion of
the floss between the user’s teeth, preferred polymers include TPEs (thermoplastic
elastomers), e.g., poly (ether-amide) blpck copolymers, such as those available under

25  the tradename PEBAX® from ELF Atochem, polyester elastomers such as those -
available under the tradename HYTREL® from DUPONT, and styrene-butylene block
copolymers such as those available under the tradename KRATON® from Shell; EVA
(ethylene vinyl acetate); ethylene-propylene copolymers; low MFI polypropylene, and
mixtures thereof; and any other eiastomer modified with compatibilizers (such as

30 maleic anhydride, acrylic acid, and glacidal methylacrylate (GMA)), all as known in the
art. More specifically, the outer layer can be made of PEBAX 2533; modified
PEBAX, such as PEBAX 2533 or PEBAX 3533 with between | and 10% (preferred
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tradename Polyox®, or triblock copolymers of polyethylene oxide and polypropylene
oxide such as those available from BASF under the tradename Pluronic®), and melt-
extrudable lubricous polymer alloys (e.g., Lu‘priloy® polymers available from LNP
15  engineering plastics). PEBAX with 10% PTFE particles may also be used.

If the outer layer is to include an abrasive, for improved cleaning,
preferred abrasive/polymer combinations include nylon containing particles of kaolin,
calcium carbonate, zinc oxide, silica, PTFE, or blends of these particleé which are
compatible. If desired, one or more additives may be absorbed or adsorbed on the

20  surface of the abrasive particles, e.g., by drum drying, spray drying, fluidized bed
processing, or other suitable methods as is known in the art.

In all of the abdve cases, 6ne of the polymers is preferably a reinforcing
polymer, e.g., nylon, polyester or polypropyléne, to impart tensile strength and/or"
rigidity to the floss. Hardness of the reinforcing polymer may range from Shore D 15

25 1o 80. | .
| Preferred resulting flosses contain from 72 to 288 filaments, and have a
total denier of from about 400 to about 3000. More preferable flosses include 144
filaments with a total denier of about 500 to about 1000. Filaments have a preferred
tensile strength of between 3-6 grams per denier (gpd), and a breaking strength of
30  between 2 and 5 kg, with a preferred minimum breaking strength of 2.5 kg.
' The sheath-and-core arrangement of filaments according to the present

invention may have any suitable cross-section, pfeferably a symmetric sheath/core
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present in the formof substantially separate phases having a distinct
5 Alternatively, preferred flosses include a plurality of filaments having a
"multilobal® cross-section; as shown in Fig. 4. Preferred filaments include from 3 to 8
"lobes"; one suitable filament has 3 "lobes," as shown in Figs. 4-4b. The filaments are
preferably formed by extrusion through a die having the appropriate "multilobal" cross-
section. '

10 These filaments may be multicomponent or single component, and, if the
former, may have a sheath/core (Fig. 4§), tipped (Fig. 4b), or other suitable cross-
section. Suitable polymers for use in forming multilobal filaments include but are not
limited to polyester, polypropylene and nylon. In multicomponent filaments, if desired,
the polymers may be selected to render the floss capable of bulking.

15 _ In another preferred embodiment of the invention, multiple single-
component filaments are emﬁedded in a coextruded second component, as shown in
Figs. 5, 5b and Sc. The second component forms the "sea" -- the body of the
floss - which surrounds the filament "islands."

As with the core material of the first preferred embodiment, the

20 component material of the filaments provides desired physical properties such as higher
tensile strength and resiliency than are available with the second component alone. The
material of the body of the floss could provide a surface which is soft, slippery, or
abrasive, to improve the ease of insertion, co-mfort and cleaning capability, respectively,
of the floss. Either component could serve as a carrier for additives such as flavors,

25  scents, or medicaments. Thus, each component of the floss contributes a desired
property to the floss in the same manner as each component contributed a desired
property to each filament of the floss in the first embodiment.

For this islands-in-the-sea embodiment, preferred core filaments include
polyamides (e.g., nylon 6, or nylon 6-6), and have molecular weights between

30  approximately 13,000 and approximately 25,000, with a tensile strength equal to or
greater than approximately 4 grams per denier. The combination of nylon filaments

embedded in a PEBAX® bbdy provides acceptable properties for the floss. Examples
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floss, it is generally preferred that the floss cross-sectional area has greater than 50% of

15  its area attributed to the first, strengthening component of the filaments, with a
preferred ratio of cross-sectional areas of 30% floss body component: 70% filament
component. A given ratio of body component:filament component can be achieved by
varying the number of filaments and/or the cross-sectional areas of each filament.
Further, the preferred ratio can be varied depending on the strength of the island

20  material: the higher the tensile strength of each embedded filament, the lower the
amount of filament material necessary to impart the desired tensile strength to the floss.
By varying the pressure of each component as it passes through the spinneret (described
below), one may vary thé ultimate ratio of core component:sheath component. Any
number of filaments is possible, provided that the floss "sea" is large enough to

25  encompass all of them. From 1 to 49 filaments are preferred, more preferably about 30
to about 50 embedded filaments, with 34 filaments most preferred, arranged in three
offset rows of 11, 12 and 11 filaments in a "sea” of another component. Fig. 5 shows
an expanded view of floss with a roughly rectangular or flattened oval cross-section
having thirty-four "island" filaments of a first component. The filaments are preferably

30  offset, as shown in Fig. 5, rather than positioned directly above and below one another,
to provide increased shred resistance. It has also been found that an arrangement of

forty-six core filaments arranged in offset rows of 15, 16 and 15 filaments provides a
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Fig. 5b shows an embodiment of circular cross-section. In both Figs. 5

and 5b, the second component creates the entire exterior surface of the floss. This
10  uniform exterior surface permits this embodiment to better resist "shredding" -- filament
separation -- sometimes experienced in the multiple multicomppnent-ﬁlament
embodiment during flossing.
A variation on the "islands-in-the-sea” embodiment of the present
invention is shown in Fig. 5e. This embodiment has an outer sheath surrounding the
15 body sheath (or "sea" material) in which the core filaments are embedded. In the
"islands-in-the-sea" embodiment, if too soft a material is used for the “"sea,” the floss
may deform during processing and use, causing the user to lose the advantages of the
present invention. The outer sheath material may be chosen to improve processing and
use of fhe floss by having better handling characteristics than the "sea" material (by, for
20 example, being harder), while simultaneously imparting desirable surface characteristics
to the floss, such as high lubricity. Thus, this embodiment has the strengthening
component of the core filaments, the component to provide softness to the floss in the
“sea”, and the lubricous component in the outer sheath. The outer sheath preferably
comprises up to about 10% of the total floss cross-sectional area.
25 The described preferred embodiments can be formulated to include one
“or more additives, e.g., a color, fragrance, or active ingredient, in one or more of the
components of the floss. One or more of the components may contain an additive such
as chlorhexidine (or a salt thereof), sodium fluoride, flavor (e.g. Polyiff®, International
Flavors and Fragrances), fragrance, tooth desensitizer, tooth whitener or other additives
30 suitable for use in dental flosses. ' The thermoplastic to be used to carry the additive
will be determined by the additive used, as would be readily appreciated by one skilled
in the art. Suitable polymers for the core to carry additives include nylon, polyester,
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under the tradenane Pol yox,. or triblock copolyners of polyethyl ene
oxi de ‘and pol ypropyl ene oxi de such as those avail able from BASF under
the tr adﬁ’rﬁ%@’ﬁ%r onicl[err]), and melt- ext rudabl e | BETIUSYUZO6ED [y Ter

alloys (e.g., Lubriloy[err] polyners available fromLNP 15 engineering
pl astics). PEBAX with 10% PTFE particles-may al so be used.
|f. the outer layer is to include an abrasive, for inproved cleaning,

preferred apolypiopglene) sthplene winyt neetate (EViA)s poljwiny lateohok oy athylenepand alikes
of kaolin, . calcium carbonate i nc oxi.de, sjilic PTEE, or b] ends of-
Chesa  bart i The g P Sulis poiimer ey he sy Siotle toaliow 3Be aidiive 6 faseh out of

addi tives g ﬂwyxa&@ome&aaog@pﬁﬁrtﬁ@sﬂn@gme hRul&CompSikink et dnllfodRRERS kive
particles, e.g.,” by drumdrying, spray drying, fluidized bed
pr ocessi ng, adsiitive tany bg véleasbd apore b af thesrepulting floss.t he art.

In all %f t he above cgse t he mers is ferabl

S5 :QNe pol r inforcihg
pol ymer,” e.g., nylon, 8|a§}8 Vg’rg&%ﬂ’fﬂ?ﬁ’ﬁﬁ%@*ﬁfﬂ%ﬂg@%ﬂ%@j
strength anEﬁéHpsulation&ﬂ%‘KH asédifor theembl Potectivn o HRSISUPE pidisetiof dTftRECI NY
pol ymer may range fro hore D 15 25 to 80. Preferred

resul ting fadditive; andrmay he pecomplished by a8y mumbes of sonvantionahfechniques such@sal

il anents witey SBAlG, i BRRPG boty e bvapidol’ ThE a8l R alnd BOVIER, 2
preferred on a chafgedimitréspheregadidescribed HWEEIS. PaiersNeE5,860,29®ni er (gpd), and

a breaking strength of_30 between 2 and 5 k%l wth a preferred m ni num
breaki nif strength of Vhengrelatively transparent sheath matgrial dp #59d; the, Hosses aay be

iy oo t abl Solored wRTERR RS 60 bERalih el bt GHSISA Broduct A pRAER PifudBRY 1612

pearlescent pigment. These pearlescent pigments may be added to the sheath (in a

core/sheath configuration) or to the sea (in the islands/sea configuration). Optionally, a
small amount of white pigment such as titanium dioxide (TiO,) is added to opacify the
15  clear sheath or sea. _
" Pearlescent pigments are often tinted red, blue, green or white. Preferred
- pearlescent pigments include coated micas, such as Mearlin from Mearl Corporation
(Engelhard) or Hanna Color number 100001295 or 100001157 from M.A. Hanna. Par-
ticle sizes of these pigmehts are in the range of from about 1 to 15 microns (preferably
20 from about 1 to 10 microns). These pigments are typically loaded in the core or sea
layer at levels of from about 6 to 8% by weight. When titanium dioxide is used, its
loading levels are from about 0.5 to 4%. Optionally, Ti0O, can be loaded in the core or
islands at a level of from about 0.5 to 4% (pi'eferably from about 2 to 4%).
Pearlescent pigmented flosses have improved aesthetics and acceptable mechanical
25  strength. '

_ A preferred method for forming a dental floss of the first embodiment of
this invention is shown schematically in Fig. 1. First, two or more polymers are
coextruded through a two-component coextrusion die. The polymers are chosen to
produce a floss having the desired physical properties and/or the relative cross-sections,

30 as described above.
Preferably, the coextrusion die includes a sp'mnere_t, as is known in the

filament forming art. To produce a floss having multiple multicomponent filaments,
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cross-section (Fig. 3b) or an eccentric sheath/core cross-section (Fig.
3a). Thewbidsapszat may "al so have a hol | ow pie cross- setiesrbie - 3c),
and, if desired, the hollow core may be filled with an additive, e.g.,
a flavor, color or active ingredient. Al t qpnat ively, it may have a

si de- by- si de arrangenent (Fig. 3) or a pi€ cross-section. (Fig. 3d) ‘5

Al ternat i velbyih iIghefs &6 chbARRRA thﬂﬁhﬁ dBindeRt Haﬁggta)/plﬁfal@ #’ﬁﬁgﬂ dianfic ncI ude

"mul tilobal™ cross-section, as shown"in Fig eferre
from 3 to 8holes havinglthe dmlmdmremseammlfcphﬁgmnomaﬁ SHitherbiesuitablefos hown i n

Figs. 4-4b. The fila S fer bI forned by extrusi n through a
di & havi ng PHENGESBHEPIS ieafipd-sorf fflamepts i shown o cxody-pestion 1o i

These fil anpniiiplEaicdifipstiehi ﬁm%tc&maewé@uﬁmeﬁmm@ﬁﬁmeh{s dxiing
former, may have a sheat h/core (Fig. 4a), tipped (Fig. "4b), or other

sui t abl €5 cr thesspinneret ae @ﬂm‘ﬂd tegethehand pw;ﬂmngh fagooling chamberr with gmbient
ol 11 00l bR o HEAE i 8 R o 5030 8 BB o vench
the polymer. The filament bundle is placed under high tension as it travels between
two drawing godets which are rotating at different speeds. The tension applied to the
fiber is expressed as the "drawdown ratio”, which is the speed differential between the
10  two drawing godets. As is known in the art, preferred drawdown ratios are from about
1.0 to about 5.0, more preferably about 1.5 to about 4.5, and most preferably about 3.5
to about 4.0. The fiber then passes through a relaxing godet and is collected on a take-
up winder. For producing bicomponent flosses with multiple filaments, tension is
generally preferably applied during manufacture, .as this has been found to improve the
15 tensile strength of the filaments. The art of drawing the filaments on heated rollers and
different speeds and with different numbers of wraps per roller is part of standard
polymer processing technology.
The resulting fiber can then be further treated to form a finished floss.
For example, preferred flosses are twisted, preferably about 1 to about 3.5 twists per
20  inch, most preferably about 2.5 twiéts per inch. Twisting reduces excessive filament
separation and improves fray resistance. Twisting processes are well known, e.g., using '
standard ring twisting equipment. The resulting floss may also be coated in wax, as in
known in the art. .
- In one embodiment of the invention, one of the polymers may be
25  selected to have a suitable melt temperature and other properties to enable the filaments
to bond to each other to form the finished floss without the coating and twisting
procedure described above. A suitable multicomponent fiber for use in this
embodiment is described in Example 1. The filaments are bonded by softening and
flattening the fiber on a heated draw roll as it is passed over the godets.
30  Electronmicrographs of such a floss are shown in Figs. 6 and 6a at 120x and 1000x
magnification, respectively. The bonding of the sheath elastomeric material is clearly

visible in Fig. 6a.



the polyners may be selected to render the floss capable of bul king. 15

I n anot her preferred enbodi nent of the invention, nmultiple single-
conponent filaments are enbedded in a coextruded second conponent, as shown
in WO 8819683 5b and 5c¢. The second conponent forns th@cmmos-,gthe
body of the floss -- which surrounds the filanment "islands.

As with the core naterial of the first prejptred enbodi nent, the 20
conponent material of the filanents provides desired phy5|cal properties

such as hi gher t Anpricfepredt thehEE ffoxafsinﬁ@hldeﬁﬁmo&@aflm%f'fism&' lhatﬁé Sea"
with the second conponent al one. The mat erial of the body of

f1oss coul d grbrdimsnhofthis inventign istshpwnssshematigallyinrKig. ta. Agam terb rozghore,

to i nprove t e of capabi |

respoct | vel ypoy e g cobfiniiet gt borBhinef AR ERRof Be wrdebiibed s
for additiveAfterithe maltfpleinmltﬁ:mriiﬁnentsﬁrleﬁieﬁts exit the GpinABRA! they At 'immeEdiaRly
corrponent of t he osg contributes a desire §‘é)ro perty to the floss I n

the sane nar$fapn rpngthep éwehﬁ%msm%sleﬁhamg desired crossyseciien ofltheo

h fil f f f t
te ﬁics i !sl gﬁgﬁ ndl fH?ges e%%tﬂ.g’,rir"olhg7 %'e%? lr%?e %e@i core f.ef°rﬁe“%? oS 688‘P°n°“‘8 |
pol yani des (gquench. rS,nhcmrthlé cross-se@tlonal greﬁ)o;f thmloh&vzfmﬂmegagio&fe Mtesﬁgﬁ&b?onal I
bet 30 t nd a i mat e Wi atensile
ste r \Qﬁg? h eq u?ng Hfaments, éﬁ—:‘g\%&m p M%@ﬁrés}gﬂy gatsrhesdot andhther |
The conbi nat igfe sheal fHaterial 8 éore-and— ?ﬁ@éﬁtﬁ @oﬁe@é@%ﬁﬁ "the iRfi¥iiual

provi des acceptabl e properties for the oss
core filaments to form the "sea."

Because the filaments are forced through the small slot to cause the
sheath component to coalesce, pressure may build up between the spinneret and the slot
die. Too much pressure will cause undesirable polymer leakage between the plates.
Acceptable operating conditions without much leakage occur when a 34-filament,

15 0.7mm-diameter hole spinneret is used to coextrude filaments which then pass through
a 15 x 0.17 mm slot die, at a total flow rate of polymer of 40-60 grams/min. Resulting
diameters of the core filaments in this embodiment may range from 0.001 to
0.010 inches, with a preferred range of 0.003 to 0.006 inches.

The polymer stream with embedded filaments leaving the slot die is

20  quenched in a-watef bath before being processed as described above for the first
embodiment. After drawing and windup, no further treatment (such as coating and
twisting the floss) is necessary.

The first steps for manufacturing the embodiment of the "islands-in-the-
sea" floss with an outer sheath surfounding the sea are the same as just described for

25 the islands—in-the-sea" embodiment. The outer sheath can be applied to the material
exiting the slot portion of the die assembly in at least a couple of ways. First, dip-
coating or spraying of the third material onto the floss may be used, as is known in the
art. Second, the slot portion of the die assembly may be incorporated into a
coextrusion die in which the third material is coextruded around the already coextruded |

30  material exiting the slot. This set-up permits the "islands-in-the-sea" and its coextruded
outer sheath to exit the die assembly already formed. Further processing of this

embodiment is as is described above.
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desirabl e properties include a hardness in the range of Shore D 15 t?) 53,008,_
br eakin nsile strength of approximately 2500 to approxi mate

psi, ang a ?%1%%6%% resi stance in the approxi mate rangg’pCG'fUS?mQ66994

ng/ 1000 cycl es, using the Taber Abr asi on Test (H18 wheel). Flosses in
this enbodi nent al so exhibit el ongations -al2-5 break in the range of .300
to 1500% of original length, and elasticities with a nodul us on a
stress/strain curve between 300 and '130&xamples In this

preferred enbodi nent, nt _of
the floss entirely sur rgﬂms ea étpp?fg% Hi'l?r?en{kg %v?emglde tP rq}o%_g
coul d al so lmkllbunﬁterarttmﬁi asomphtmdheclomfre fant alesoription @t tohaké ey

filaments to f a 10 bund| e, the undle .being coated with the second
conmponent t & %?@Q‘??ée axry ot P@%LQSE%YF‘? hedgvention, and are

Al t hough smanet iRdch@s @ lithitthé sédpeSECWRA nﬂé@ 'imféﬂfo?é §egnth fheir @b@:{ﬁiﬁl | Beforts

t he-sea" enbodi nent are avallable dependi ng upon t esire
char act er i sthaye bstn magle to ensurk aseyra¢yt with rgspeet tl hymbersfused (elg.f hmbuhtse f 1 0ss

t h t th 50% of 15 .it.s. a rlbutedtothe'-
Cirer. Sorr erPrafbfifs K BHCRn prbimhepialiont @ deyigtiotifould b achounted
ratio of cr oss sect i onghe fdmﬁﬁngfeqﬁﬁ%eht Sétsy maRMRORRRE pro@iule Eﬂm&'t

conmponent . iven ratio of body conponent:filanent conponént can
achi eved by S° ematjeallyiinFighb wamesed iofthe firstthnee exampless t he cross-secti onal

areas ofjgeach filamentyy, g 5 inch diameter extruders were connected to a two component

coextrusion die. The two extruders included 30/1 .L/D ratio general purpose screws.
The two-component coextrusion included a metering plate, a distributing plate, etched
plates, and a spinneret. After being coextruded through the coextrusion die, the
coextrudate was processed with a downstream filament spinning set-up to produce
15  filaments. The downstream set-up included a cooling chamber, finish applicator,
tensioner, drawing godets, relaxing godet, and winder. The coextrudate was cooled at
the cooling chamber, stretched and relaxed by drawing and relaxing godets, and
collected on the take-up winder. _
The apparatus as just described was also used for Examples 4 and 5,
20  except that a water bath instead of a cooling chamber was used to quench the floss, as
depicted in Fig. la, and the multiple filaments leaving the spinneret were then passed
through a 15 x 0.17 mm slot die to produce the "islands-in-the-sea” monofilament
embodiment. | . '
Using the equipment set-up and procedures described above, the

25  following specialty bicomponent flosses were formed:



Furt her,
i sland 20 mat eri al :
filament, the | ower the
i mpart t weodswmieexd tensile strengt

h to the fl oss.

the preferred ratio can be varied depending on the strength of the
the higher the tensile strength of each enbedded
amount of filament material

necessary to
By pcaftkofBodss ©

pressure of each conponent as it passes through the spinneret (described

bel ow), one may vary the ultimate ratio ofyocore conponent:sheath conponent.
Any nunber of filaments is possible, "provided that the floss "sed" is
| ar ge enouglte=2——urcorpassaot=trerr—Rronr—to——48—ti=tanpn are
preferred, oS amgiieeﬂ@r ably about 30 lo about |50 embedded f| I 1 ent s, :
with 34 fil §mE l“ sUTtar ranged offFset—r0o of 11,
12 and 11 fi IGW%C"IOR a "sea" of |yt Sll,e@ﬂﬁone tMutupge skgatiions “an
expanded vigw of floss with a rou moyeﬁmmul ar | woré filamented ova
cross-secti g ving thirty- T i Tlrs _
conponent . hng‘P?‘éeﬁ\g?]ts are prefe %&d Hl 9. 5,
rat her thanllpositioned directly ajoke3 rMYlBEI(ﬁ\Q oréogﬁbtWPP (4-0 to

provi de incrfleased shred resistancq.relativhaiscasito b¢dhkV) ound t hat a

arr angenent Jjof forty-six corjdRV))anments arrgnged in of fset rlpws of

15, 16 and 5T|,Iaments provi des 4§ WD 987 1%
PCT/ US97/ 20478810 30/70 o770 |
5 " Drawdown ratio 35 34
| # of filaments 144 144
“ Total Denier 580 732
Tensile strength 5.0 4.1
(g/denier) (gpd)
10 Break strength 292 3.02
(kg)
Color / Additive none none
Comments Fiber needs no non-bulking

bonding or twisting
- can be used
directly as floss by

.| passing through

heated draw rolls;

non-bulking




- 8- + -~ floss with desirable characteristics. Preferred fl osses have a
total denier of from about © 500 to about 1500. The
degree of hardness of this enbodi nent can be increased by increasing .
the ratigq q,fs,l%dzgarrent conponent to body component. The hi %}%26 degree aof 5
har dness woul e achieved with the enbodi nents shown in 6Ad 5d,
whi ch have a solid core nade of the filanment conponent, surrounded by
a layer of the body N conponent - 14 - Fig. 5b shows an
enbodi nent @pf gircular cross-section ln bath Eigs and 5b, the
second corrp RER, I&N%at es the enti e exterior §urface of glhe floss. This 10
unlformext 2 GBS eredi-BnR o—betidlr resist

"shr eddi ng" c-mgsl.deamnt separ ammﬁplcshmetl nmes exp4 Ir i enced in the
multiple miti corrponent f| I arrent ccrem&;tgrent dur| ng I ossi ng.

A vari ati onfo S emhoeh gl present

i nventi on i} Compoments F| g 5e Th| sNyldndGL(hRM), has an outer sheath

sur roundi ngthe 15 body sheath (oNylome(at"OMt)erl aI) in ich the core
filaments aje embedded: —seall enbodi ment, if
too soft a §rik@8Li al is used for t he30/284 ~ the floss may def orm
during oc I 'ng anag HS causi ng 552 user to | ose the ddvantages of the
pr esent vip TAWROWRHIRUO, 1t o1 sheat terial may bhe chosgn to inprove
processi ng #f filamentsS© of the fljog44 by having better hdndling
characteris <dnpl e, being
harder), wh IT@tailmemeraneousl y i npay 62hg desirabl e surfacd charact eristics
to the flos . nt has the

st rengt heni

eftsﬂe strength
g/denier) (gpd)

10 Break strength

(ke) |
Color / Additive 2% kaolin in sheath |
Comments -kaolin particles on surface

observable in electron-
micrograph (see
Fig. 7)




conponent of the core filanments, the conponent to provide softness to the

floss in the "sea", and the lubricous conponent in the outer sheath.
The outer sheath preferably: conprises up to about 10% of the total

fl oss cro¥998@a28onal area. 25 The descri hasBs@iBEed -
enmbodi ments can be formulated to include one or nore additives, e.g.,

a color, fragrance, or .active ingredient, 'B] one or nore of the .
conponents of the floss One or nore of the corrponents may cont ain an -
additive sugfr————¢ ‘ ar i de,

flavor (e.g. Sampleprerr] I nterna} i onal 4 :
fragrance, t-ggh‘ﬂésen3|t|zer Toof N WNT TETer —or—otjrer—adth
sui tabl e forf (ERSSISECRINt al f | osses| Mpmefilamentop| ast |M0noﬁlamenked to clrry-
the additive _ will be determ nanglbwomﬁlammnt |vmultipdel coresfilamiehsd pe
readi’ly apprfeci ated by one skilled in smglelsheathe ar t|. m&“simglalgh@mol ynmergp for
the core to n*’addltlves I nCT Ude on, B-Iyest WO—98+196)P 3
PCT/ Us7/ 20460 “Nylon (4.0 Nylon (4.0 RV); 9
pol ypropyl e et hyl ene vinyl acet aTBE((EEB)A,XﬁéB&')/l AUPE {HYTREL 3078)
pol yet hyl en al i ke. The i or outer polly nay De water
soluble to flo itive to |2ﬂﬁ§0nnr of fﬂﬁg%olvner.
Al t er nat isvel ly Drdwdovwh eatig!! ti pl e nuligconponent-fiIqugt'enbodinent, the
# of filaments Monofilament with Monofilament with 34
single core filament | embedded core
_ ' filaments
{| Total Denier 823 625
Tensile strength 3.6 4.5
(g/denier)
10 Break strength 3.9 2.8
(kg)
Color / Additive none : none
Comments . Slot spinneret is 15 34-hole die has hole
mm X 0.17 mm; diameter of 0.7 mm;
monofilament is’ slot spinneret is
water-quenched 15 mm x 0.17 mm;
monofilament is water
quenched




addi tive can be rel eased upon bul king of the resulting floss. 5
The additive, if desired, can be incorporated in encapsulated form
Encapsul ati on may be used for thermal protection or noisture protection of

t he - vd98/ideye, and may be acconplished by any nunber o% conventi enal
t echni ques such as spray drying, drumdrying or sol veRETEGEIRA6R 7 on.
The additive can al so be provided on a charged m crosphere, as

described in U S Patent No. 5, 300 290. 1‘016 When a -

relatively tpanspacont chaath noic arial 1S LIS
colored wt '
pi gnent is 3
added to thd
t he i sl ands/
pi gment suc
cl ear sheat
tinted red, [p

()
ored pr D
O GHRR hese—pearlescelit pignents may be

Gmmiséct{ann a Momﬂlafmheath configurati n) or to'the sea (in
sea confi gurati Qriyultiphé tereJilhment8 in sin glé”ﬁ | armount of white

as titanium di Qxghelfth (({ldddslifisda | S added tp opacify the 15

or sea. config Pear | escent Py gnents are often

sses may be _
duct. A preferred

aln a tlntedénr coI

pscent pi gnent s

i ncl ude coat eﬁompomts such sNy«rbﬁr(u,lorRVy om Mear | Oor pof ati on
(Engel hard) jor Hanna Col or umE(pggﬁgpgggg or 1000011 7 fromM A Hanna.
Par - ti e STzes—of—th &

pe of fromabout 1 to
15 m crons (jphe These pignents are

typi cal I)rg’ cn ed In th cor¢ or sea rayer at revegs of fromabout 6 to
8% by weight iumld-dxide is used, its oading |l evels are

from about t| ot ﬂ"i[i ad bd in the core or
i sl ands at %evglﬁh{%m ?bc%b ;Ela%)g[l Yo pre\?e% abl yjf from about 2 to 49%.
a

SC plglll::ll[a alr T ||| LIIC -8

Pear | escent nvnd aestheti csht and accept abl e
mechani cal Z25Totat Dehigt h. 700 A preferrged nmethod for formng
a dental fl ¢SS of—the—f+rr-st-renboti-rrent—of

Tensile strength 3.7

(g/denier)

10 Break strength 26
(kg)
Color/Additive 6.0 wt. % pearlescent pigment

added to sheath (Hanna Color #10001295);
0.5 wt. % Ti0,

34-hole die has hole diameter of
0.7 mm; slot spinneret is 15 mm x
0.17 mm; monofilament is water
quenched. Sample has a
pearlescent appearance.

15
Other embodiments are within the claims. For example, while

bicomponent filaments have been described above in the Detailed Description, the
filaments could contain any desired number of components, and in this case would be

manufactured by extrusion through a suitable multicomponent die using the appropriate
20  number of extruders.



this invention is shewr—sechenmaticallyin Fig. 1. First, two or nore

- ' coextrusion die. The
pol yners are coextruded t heougly a two- conponent :

She havi t he desired physical
pol ymers are chosen s a floss having _ ) _
properti eWOAIPER3 t he :]Hllﬂ‘“l] -sections, 30 as descpiPodoigye -
Preferably, the coextr udes a spinneret, as is known 1n'the

filament formng art. To produce a floss hgyi_ng nmultiple multiconmponent
filaments, WD 98/ 19623 -

PCT/ US97/ 20679 CLAIMS ' - 10 -
bot h pol ynerg are coextruded through spinneret having a pl.u.ral ity of o
smal | - di anet er hol4 snuiicamppnent coexdruded dental flose comprisihg acmké Gliménton.

A spi nner et ' f . ra%\%jﬁi .multiple sheat h-and-core filanents
is shown in tc%ir’%%@gggcat%sﬁn}aﬁ g .dQ&J "{THR?ET‘% ﬁ?@pﬁf%r‘?pﬁ?eﬂ‘?“ﬁt?ms
are coext r udbavieg mudontinaousséuter siifacé.i | aments exiting 5 the spinneret are
gat hered cool i ng chanber w th anbi ent

oggt her and ss, t hrqugh 1a !
tenperatute gi r flow ngﬂ’G\F‘SPtatl ﬁ]@sq Pgﬁlﬁﬁﬂtls compgeng @ plrgality of cofecfilampats,
mnute to quggdicore filament comprising said first material, wherein each core filament is
embedded in and substantially surrounded by said sheath.

3. - The dental floss of claim 2, having a denier in the range of about 500 to
about 1500.
10 4. The dental floss of claim 2, having a tensile strength from about 3 to

about 5 grams per denier.

5. The dental floss of claim 1, wherein the outer surface of said floss has a
coefficient of friction from about 0.09 to about 0.3.

6. The dental floss of claim 2, having an elongation at break in the

15  approximate range of about 300% to about 1500%.

7. The dental floss of claim 2, wherein said sheath comprises an interior
portion comprising said second material in which said core filaments are embedded,
and an outer portion comprising a surface material, said outer portion providing said
outer surface of said floss.

20 8. The dental floss of claim 1, wherein said first material of said core
filament has a predetermined morphological structure, and said second material of said
sheath has a different morphological structure.

9. The dental floss of claim 1, wherein said first material of said core
filament is a melt-spinnable polymer selected to provide strength to the floss, and said

25  second material of said sheath is selected to provide at least one predetermined physical
characteristic to the floss. i
10. The dental floss of claim 7, wherein said first material of said core
filament is selected to provide strength to the floss, said each of said second and
surface materials of said sheath is selected to provide at least one predetermined

30 physical characteristic to the floss.

11. The dental floss of claim 9, wherein said first material comprises a

polymer selected from the group consisting of nylon, polyester and polypropylene.
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the polymer. The filanment bundle is placed under high tension as it travels
bet ween two draw ng godets which are rotating at different spegdf. The
~tension applied to tR@sheet Has BleRREpldesa €XPressed as the "drawdown ratio",
whi ch is“@;s,ﬁg d di ' ween the 10 two draw ng godets. As is
known in the art, prﬂgﬂﬂlm!ﬁ rati os are from about PCT/USI7/2D6® t 0
about 5.0, nore pref .5 to about 4.5, and nost preferably
about 3.5 to about 4.0. The fiber tA8n passes through a rel axing._

odet and ig,collected_on a ii; e- . up winder. For producing )
gi conponent ﬁ121 osses vvidlfl'}? iifﬂs%ﬁ Flaﬂﬁﬁatvﬂ}eﬂ@lehﬁsldos;cb@fmateraal?emprxaéd y :
referably |_d i e |.s _has ..bee oun Q 1 pprove
'I[D he 15 t en?ﬁ(ﬂeé’gﬁlrcgﬁrgetlﬁ 5o¥ t EE&F i i an@n@g gtr %ec%{}s_fsng\g 03 rtgmlalsﬂg. ORIt S
on heated r ethyésns vinyl acetate, ¢tiiylencepropylpme 6spolyitiets ﬂhot&pbfﬁi;&&tluﬂﬁéﬂiﬁgs of

wraps per roller is ri .of standar pol ymer processing technol ogy.
Thepregul ti R&im%%rmggﬁg?%ﬁ pﬁg"’?ﬂrﬁﬁ@"‘ andealloys. to form El fi ni shed LI otssé ]
For exanpl e13pr ef er recrifel RS TI0R¢ 6F ki sof t..1.to about 3.
twists g’ér 20 inch, ?l%t pref er abfy%%&%éﬁts%d:%gg%ﬁr %?eﬁ’ca%.comlﬁslang
reduces excblpod\af & melirextrudable polysmpandta siliconecbil amd/or & mihedY oflesi st ance.

TwW st i rqQgesses are.wel | wn, .e ., using standard ring tw sting

e\(lqmuisplnggt p %‘e resul t ?% ‘#P@igl%ﬁ%w g‘agﬂgoéﬁ@&’d{léﬂ‘di $ecomrgmatesial gomprises &nown

in the art. blend of a melt-extrudable po t&%ﬁd%’mbﬁﬁ@tfgf% s%rgéttehrﬁlcﬁﬂtthé) o€ Of
e

t he polyners may, be 25  selec o have a suita tenperature and
ot her pr opefFersisting pfdmalinetalo, galeiuna catbosate, silica, tand tpolytetrafhegodthyleher t o

f theyfipkshed flo ' th pating.and tw sting. procedure
descri b abSve. A suieenftoet BEGBERA; Hiehoh aF GO if adsoppd or absorbed

enbodi ment batode surfideast said ate fillerThe filaments are bonded by softening
and flattening the fiber on a heated draw roll as it is passed over
t he godets. 18. The dental floss of claim 9, wherein one or more of the materials of the

floss includes an additive.
17. The dental floss of claim 16, wherein the additive is selected from the
15  group consisting of colors, pigments, fragrances, flavors, therapeutically-active

ingredients, and agents which modify the interfacial adhesion between the materials of

the floss. _
18. -The dental_ floss of claim 16, wherein the additive is incorporated into
the floss in a manner to allow it to be relegsed from the floss during use.

20 - 19, The dental floss of claim 16, wherein one or more of the materials of the
floss is water-soluble, to allow the additive to leach from the floss during use.
20. A dental floss of claim 1, wherein said core .ﬁlament has a multilobal

radial cross-section. _
21. A method of making a multicomponent, coextruded dental floss and at
25  least one core filament embedded in a sheath, said method comprising;:
coextruding two or more materials through a multicomponent die
assembly to form coextrudate comprising said at least one core filament having a first
material, said at least one core filament embedded in said sheath having a second
material; |
30 treating said coextrudate to form said dental floss.

22. - The method of claim 21, wherein said materials comprisé melt-
extrudable polymers.

AU




30  El ectronnicrographs of such a floss are shown in Figs. 6 and 6a at

120x and 1000x —magni fication, respectively. The bonding of the sheath
el astomeric material Tﬁ?SlféLt‘f-ﬁ£ﬁéénRe faced Vi Sible in Fig. 6a w
98/ 19623y 623 ; -
PCT/ US97/ %g% J“m“lll ‘lll” A preferred net hod P (ﬁ"ﬂ"a a
dental floss of the "i . -sea" enbodi nent of this invention
is shown schematically in Fig. la. Again; 190 or nore pol yners are

coext ruded rough a tru3|o d|e as. descri bed ,above.
After. the nfifti plge w%%ﬁg@ﬁ&ﬁf’fﬂﬂﬁéw&hﬂgﬁ’é q’f&’“@ﬁ*grﬁﬁg? EPMPKISREy are
i mediately 5 drawoﬁm%mﬂnm&%t ﬁl&néiﬁé’h&\ﬁnéc&fe@%f%aﬂ'ﬁtstp%gérf#hl :

desired cross-section of t final floss, as shown in Fig

step i s per sheathsoofisaidsasond matesialyand conponent s quench. Si nce the
cross-sectional area of the,slo t han {he cros ectio

area of the filanents® Wﬁﬁ%ﬁ%ﬂﬂg?ﬂgﬁ% PEF Qrpepe sfslf"ﬁ’@?t g??f*g’rtq he
sl ot ands t hgombine to&ahh%&dsdheahhnmaﬁ s#ill cote Filnenty Sreamchedieat h fil aments
coal esces around the individual

the resulting molten coextrudate leaving the die assembly with the core

filaments embedded in said sheath.
24. The method of claim 21, wherein the die assembly comprises an integral
unit.

10 25, The method of claim 21, wherein the die assembly comprises an upper

. die for extruding said at least one filament, and a lower die for embedding said at least
one filament m said sheath.
26. The method of claim 25, wherein said upper die comprises a spmneret
having a predetermined number of apertures.

15 27, The method of claim 21, wherein said at least one core filament
comprises a melt-extrudable polymer selected to provide strength to the floss, and said
sheath comprises a second component selected to provide at least one predetermined
phys1cal characteristic for the floss.

28, The method of claim 21, comprising incorporating an addltlve into one

20  or more of the materials before or during coextrusion.

29. | The method of claim 28, wherein the additive is selected from the group
consisting -of colors, pigments, fragrances, flavors and therapeutically-active ingredients.
30. . The method of claim 28, wherein the additive is mcorporated ina
manner to allow it to be released from the floss during use.

25 31 The method of claim 21, wherein the coextruding step comprises:

forming a plurality of multicomponent filaments having cores of said
first material and sheaths of said second material;
forming an intermediate coextrudate comprising causing the second
material of each multicomponent filament sheath to combine to form a body sheath in
30  which said core filaments are embedded; and
coextruding said intermediate coextrudate with a surface material to form

an outer sheath portion of said sheath,

* [ L M S *




10 core filaments to formthe "sea." Because the
filaments are forced through the small slot to cause the sheat h
conponent to coal esce, pressure nay build up between the spinneret and the,
sl ot die. Too nuch pressure will cause undesirabl e polyner |eakage
bet ween WQH8[P623es . Accept abl e operating conditions RET/ISATR20679CHh

| eakage occur when a 34-filanent, 15 0. 7mm di anet er hol e spinneret is
used to coextrude filanents which then pagg-t hrough a 15 x 0.17 mm
slot die, at a total flow rate of polynmer of 40-60 grans/mn. Resulting

di ameters of the cor e tlid tesulting snoltent dvextraddte deaving therlie assegbly with the @ofe t O
0. 010 i nche wth a ferred range of 0.003 o 0.00q inches. .

The pol yrer %m%mb%%éﬁﬁée@@%m ﬁ'ﬁﬂ‘grﬂ“g *Elaé‘?qi'gsheﬂg’ irrqungded, by gaidoouter
guenched in ihat h before being processed as descri bed above for the
first s%gggglgﬁrrlgﬁi. After drawi ng and wi ndup, no further treatnment.
(such as co32i ng and A multicomponentydental fldss haying annmterssmfage and at least one

The first steps.for nyf uring the enfodi mept of the "islands-in-the-
sea 11 oks Fprfiamentpnbed f p Lerthqunting PHLoUEs SHtie, FBdE dna BOPHer
described fe@pmdrsinghe islands-in-the-sea” enmbodi ment. The outer sheath can

be applied to the material exiting the slot portion of the die
assembly in at | east ®oexdusling t¥o enmore Faterials thrpugh a multicoapoenegt die

i f the.thi t to the f| b d N i
the ' " ©, aheenely i for feefonc? ShetShe i TRt OB 55 RGN Bhgps pdie” 1"
i ncor por at eghdtdid), shid at leastGM@ dofd! Hizdient iefbeddedinCiaid Higeathhaingatsetd i S

coextruded around’ t he al ready coextruded 30 material exiting the slot.
Thi s sedOupmaterigly aod he "i sl ands-in-the-sea" and its coextruded out er

sheath to exit the di %egaﬁgggh)ggg\%@&@tgﬁrrge&d Eéﬁélhﬁésspr ocessing of this

enbodinent is as i s descCri

33. The floss of claim 21, where the treating step comprises quenching the
molten coextrudate and drawing the floss. '
34. A method of flossing teeth, comprising:

15 inserting betweeén two teeth a length of multicomponent, coextruded

dental floss comprising at least one core filament embedded in a sheath.

T
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WD 98/ 19623
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Exanpl.es : The foll owi ng exanples are put forth so as to
provi de 9 ordi nary skill in the art with a conplete discl.osure
and description-of howto make the mul tifilament flosSedUSHAMR ry out

t he extrusi on nethodol ogy -of the invention, and are 5 not intended to
limt the scope of what the inventorgs rﬁgard as their invention. Efforts
have been nmade to ensure accuracy w ! espect to nunbers used (e.g., -

anounts, tenperatures, etc.) but sone experinmental errors in deviation
shoul d be accounted for. _ The foll owi ng equi pnment set-up
and manufacturing procedure, shown schematically in Fig. 1, was used
in-the first three exanples. 10 . Two 1.5 inch dianeter
extruders were connected to a two conponent coextrusion die. The two
extruders included 30/1 L/D ratio general purpose screws. The '
t wo- conponent coextrusion included a netering pI%t& a distributing plate,
et ched L
Yo
==
b
o
xX O
<O
00
0:',:_-' —
< L
wul D
o O
_ = ®
O OF-1+
ac
Sp
< ~
- w
w X
Q (d
o Y
; 40 <
o8 m
22 1]
(] g s
- -
p E)J -
u ©
<
w
o

1ST
EXTRUDER

AIR QUENCH CHAMBER



pl ates, and a Spinneret. After being coextruded through the coextrusion
die, the coextrudate was processed with a downstream fil anment spinning
set-up to produce 15 filanments. The downstream set-up included a cooling
chanber,‘&bg#ﬁngpplicator, tensi oner, draw ng godets, relaxing.godet, *
and w nder . B2 oextrudat e was cool ed at t he cool i ngrPclrAr®®s0670 =
stretched and rel axed by drawi ng and rel axi ng godets, and col l ected on
t he take-up w nder. ' The apparatus as just described was
al so used for Exanples 4 and 5, 20 2x£&pt that a water bath instead of a
cool ing chanmber was used to quench the floss, as depicted in Fig. la,.
and the nultiple filanments |eaving the spinneret were then passed

through a 15 x 0.17 mmslot die to produce the "islands-in-the-sea"

nonof i | ament enbodi nment . Usi ng the equi pnent
set-up and procedures described above, the 25 follow ng specialty
bi conponent fl osses were forned: WO 98/ 19623

- - 13 -

PCT/ US97/ 20679
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Sampl e No.:

: 1 2 - Cross-section
Mul tiple sheath/ Mul tiple sheath/ ' ' core
filaments core filanments Conponent s TPE ( PEBAX
TPE (HYT 2533); Nylon (4.0 3078);.Nyton
(4.0 WO swisers relative viscosity R¥CT/USIT20679™ ~
(RV)) Rati o 30/ 70 30/ 70 5
Drawdown ratio 3.5 /79 3.4 #of filaments -
144 144 Total Denier : 580
732 Tensil e strength 5.0 4.1 (g/ deni er)
(gpd) 10 Break strength 2.92 3.02 (kg)
Color / Additive none none Conment s
Fi ber needs no non- bul ki ng : bondi ng or
twi sting - can be used _

directly as floss by
heated draw roll s;

passi ng through

1ST COMPONENT (CORE)

L

A

FIG. 2.

FILAMENTS
(SHEATH/ GORE)

w1,

(SHEATH)

2ND COMPORENT TR



-14-
Cross-section
core filanents
PCT/US97/20679 ~
30/ 70 5
Total Deni er

FIG 2A.

non- bul ki ng WD 98/ 19623
PCT/ US97/ 20679
Sanpl e No. : -3
Mul ti pl e _sheat h/ _
Corrponent"gogs’l%r’ Nylon (4.0 RV);
Nyl on (4.0 RV) Rati o
3.0 # of filanments 144
622 Tensile strength 43/49
W
[~
o
=2
[ —
= ™
o 4
= 3
oy
S =5
\ i
N
§ > ’\)\\
| § : |
/ 4&\
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Nk \
\ |
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N =
\’4
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2ND GOMPONENT
(SHEATH)

" ISLANDS-IN-THE-SEA"

-

[} *.

Dr awdown ratio



(g/denier) (gpd) 10 Break strength 2.11 (kg)

Color / Additive 2% kaolin in sheath Comrent s
kaolkibne<particles on surface . observabl e

i n el ect rwo98/19623 m crograph (see oLt
Fig. 7) WO 98/ 19623 L "Q:T'Us”’zom B

PCT/ US97/ 20679 - 15 - ~ Sanpl e
No. : 4 579 5 Cross-section -
Monof i | ament : Monof i | ament : single

core filament multiple core filanents

&)

Fi1G. 3b.

FIG. 4. FIG 4a.

FlG. 4b.



i n si-ngl e sheath in single sheath Conponent s Nyl on

(4.0 RV); Nylon (4.0 RV); TPE ( PEBAX
2533) TPE (HYTREL 3078) Rati o 70/ 30

70/ 30 5 Dr awdown ratio 3.5 3.3 # of** "
fil ament WO 98/19623 Monofil ament with Monof i | ament wi t h P&A/US97/20679 =
single core filanent - enbedded core filaments
Total Denier - 823 6/9 625 - Tensile strength

3.6 4.5 (g/denier) 10 Break strength 3.9
2.8 (kg) TN By R R A ROt none
Comment s %xg’\"@' s"(wa , as hole

mmx 0.17 mm \’i,,;’f:,-{(,,./. % '

nmonofil anent is N4 \,ﬂ i

wat er - quenched 15 mMm x 0.17 mm

nmonofilanent i s water quenched F/G: .5_

F1G. Sc.

FIG 5d.



WD 98/ 19623
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Sanplse «No. : : 6 Cross-section

Monof i | anwa 98119623 Multiple core filaments in single
sheath (islands-in-sea confi guration) ConponenRGI/USY7/20679Ny | on
(4.0 RV) . TPE ( PEBAX 2533) Ratio

60/40 5 Drawdown ratio 3.5 7/9 # of filanents Monof i | anent
wi th 34 enbedded core filanments

(OUTER SHEATH

o,
NN N
/ Q”@%\‘f‘%&)“’
AN\ 2\ ’/,"//‘/

CORE k BODY
FILAMENTS SHEATH

Fl6. Se.



Tot al Deni er 700 Tensil e strength 3.7 (g/ denier) 10.

Break strength 2.6 (kg) Col or/ Addi tive 6.0 wt. %
pear| escent pi gnment added to sheath (Hanna Col or #10001295); :
0.5wm. Tigerr] Comment s 34-hol e die has hole djahétéﬁt
of 0.7 mm sl ot splnneret S

0.17 nnrw%%%g? anent is water : 15%&&%#%%&@” Sanmpl e
has a peaéhzs§ent appearance. 15

O her enbodi ments are mnthln the cla For exanple, while

bi conponent filanents have been descri bed above in the Detail ed
Description, the filaments could contain any desired nunber of
conponents, and in this case woul d be manuf act ured by extrusion

t hrough a suitable nulticonponent die using the appropriate 20 nunber of
extruders.

FIG.6A

FIG.6




-17 - CLAI M5 1. A

mul ticonponent, coextruded nonofil ament dental floss conprising plurality
of ;gores, each core conprising a first material, wherein each core is '
enbedded i n. and substantially surrounded by a sheath conprising a second

nat er i aWQMRMIN2Xi ng a continuous outer surface. 2. PCT/USIIR96Rnt al
floss of claim11, having a denier in the range of about 500 to about 1500.
3. ' ' The dental floss of cliin§.or 2, having a tensile strength
fromabout 3 to about 5 grams per deni‘er” 4 The dental floss of

any one of the preceding clains, wherein the outer surface of said floss
has a coefficient of friction fromabout 0.09 to about 0.3. 5. :

The dental floss of any one of the preceding clains, having an el ongation
at break in the approxi mate range of about 300%to about 1500% 6. :

The dental floss of any one of the preceding clains, wherein said sheath
conprises an interior portion conprising said second material in which said
cores are enbedded, and an outer portion conprising a surface materi al,
said outer portion providing said outer surface of said floss. 7.

The dental floss of any one of the preceding clainms, wherein said first
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ﬁéte i,al ofs said cores has a predetermnm ned norphol ogi ada ycrymye| gd
sai.d second material of said sheath has a different n@(l QZD@ ' ‘PB
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8.
clains, wherP@Eaid nat eP
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The dental floss of any one of the (§
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Improved dental flosses include two or more components selected to provide desired properties to the floss. The improved flosses

may comprise one or a plurality of multicomponent filaments, each filament including an inner core selected to provide strength to the

floss, and an outer layer selected to provide 4 desired surface property. The improved flosses also may comprise one or a plurality of core

filaments embedded in a single body sheath. The filament component provides desirable
strength, while a floss body sheath component provides desirable surface properties,

physical properties to the floss, such as tensile




‘pbl ymers, or a lLubricous poI yrrer bi end or all oys. 13- Th'é.' dent al
fldss of claim 12, wherein said second nateri al conprises a QEMQEMENE SHEET
mel t - extrudabl e _poI ynmer and a silicone oil and/or a m neral é a}jl

The dental floss of any one of the pr e_c?;dr ng clains, wherein®G D %’on
material conprises a blend of a nelt-extrudable polymer and a p%’ ul ate
filler which is kaolin, talc,: calci te, silica, and

pol yt etraf | uor oet hyl ene. 15. @‘Lﬁg'g'%&gnt al floss of claim 14,
wherei n an, addi ti veAmwﬁhbmﬂmdntomadmed)ﬂwmﬁlamwt dmtalaﬂmscﬁonmsmg
particulate fill er The dent al 0 one.of th

pr ecedi ngP glityof ‘Wﬁr E?crl?' © COPPHERS 24frst at eﬁﬁﬁé@%@% € f‘?{g iy F@%’ Gded

i ncludes & s @fldidstah@allyl darrounded by s shER® S@tirtng! 4 968n@ mddridl Ahd Gavinger ei n

the additive 1s a color, a pignent, a fragrance a flavor, a
t her apeut pwinupuaomeveunfaﬂgr edi ent or an agent which rmdrfres t he

o B S R Bobd St T el i RSt Bt 08

the flosspdutasgpnner to all owit to be released fromthe floss durr ng use.
19. The dental floss of claim 18, wherein one or nore of the
mat eri al s3of the f| d3e destahfloss ofdpimnllor 2, havingviensile dragih frm%bouteéch

fromthe A nmet hod of nmaking a :
mul ti corrpg)ngéq%t(gucéjsﬁ’?rpgggamggnofr | ament dental floss according to any one

of the prégceding cl iheriensbifidss s dxydoreosiihe Prergding claims, wherein theampérr udi ng .

two or nore_materi al ough r;rultrcqrrpon nt qi enbly f oam
coextr udaP‘EfQ?BrPﬁrSP@r ﬁ@ssg’éﬁ "r‘%t@fchF‘é‘? Al uﬁsiﬁ rQd %&@?1 al, wherein
each of said cores ly by said

3i The GRHAT B, o'l che™dtMhb ddodtul ol RAVIAL o

sheath haVing a secon mat eri %1
. elongation at break in the appraxm:ate range of about 300% to about 1500%.

6. The dental floss of any one of the preceding claims, wherein sa1d sheath
comprises an mtenor portion compnsmg saxd second material in which said cores are
embedded, and an outer porhon comprising a suyface matenai, said outer portion
providing said outer surface of said floss,
7. The dental floss of any one of the preceding clalms, wherem said first
matmal of said cores has a predstermined morphologxcal structure, and said second
material of said sheath has a different morphological structure, '
8. The dental floss of any one of the precedmg claims, wherein said
matenals comprise melt-extrudahle polymers. |
9. The dental floss of any one of the precedmg claims, wherein said first
-:material of said cores is selected to provide strength fo the floss, said each of said
. -second and surface materials of said sheath is selected to provide at least one
'_'_ ,ﬁredétefmincd physical characteristic to the floss.

10. The dental floss of claim 9, wherein said first material of said cores is a
melt-spinnahle polymer.
1. The dental floss of any one of the preceding claims, wherein said first

material comprises a polymer which is nylon, polyester or polypropylens.
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s ..

treatj,ng said coextrudate to formsaid dental floss. 21. The
net hod of -clai'm 20, wherein the coextrudi ng step conprises:

“form ng nulticonponent filanments having cores of said first REBIEA&EM;EINT%ET

sheat hs of said second material; and - causi ng the second
material of each mul ticonponent fllaneﬂﬁ sheath to conbine to formsaid

e T A O ST R Ao o HAY SBF 48 e mresrding leir iy oo
assenbl y miehalt fenmivess mabedatiblepoipmer whizhtid the?!ﬁoplasuc elastomer] he rret hod -

of cIa|m21 wherejn the coextrudi ng step caonprise orm ng

a pl ur al istkylene vigyi ?@W&%@Ykﬂ? Biebilicpe wsmlmeb@rﬂgorspoma ﬁl“b%lt’aﬁ?& erial
2235?533@?@%&3 : gl ng cagn 1'ng tlLe seca]%oa' materi al L?r renagﬁ %I-It Pzg;rpnggleﬁt ©
filament I8heath to Thedemsl flaysfofichaim 12)whesdhe ahi secondiaferisbeqinmrises a
filament Biend ote (it-ex%'ud%]lg polymer and a silicone qil and/or a mineral oil.
14, The dental floss of any one of the preceding claims, wherein said second
‘material comprises a blend of a melt-extrudable polymer and a partionlate filler which
is kaolin, talc, calcium carbonate, silica, and polytetrafiuoroethylene.
15, " The dental floss of claim 14, wherein an additive is adsorbed or absorbed
onto a surface of said particulate filler, -

16. The dental floss of apy ope of the preceding claims, wherein ope or
more of the materials of the floss includes an additjve.
17. The dental floss of claim 16, wherein the additive is 2 color, a pigment,

a fragrance, a flavar, a therapentically-active ingredient, or an agent which modifies the
interfacial adhesion between the materials of the floss.

18, The dental floss of claim 16 or 17, wherein the additive is incorparated
into the floss in 2 manner to allow it to be released fmm the floss during use.

19. The dental floss of claim 18, wherein one or more of the materials of the
floss is water-soluble, to allow the additive to leach from the floss during use,

20. A method of making a multicomponent, coextruded monofilament dental

floss accurdmg to any one of the preceding claims, said method comprising;
coextruding two or more materjals through a multicomponent die
assembly to form coextrudate comprising said multiple cores having a first maferial,
" wherein each of said cores is embedded in and substantially surrounded by said sheath
-'havmg a second material; and :
treating said coextrudate to form said dental floss.
21, The method of claim 20, wherein the coextruding step comprises;
forming multicomponent filaménts having cores of said first material and
'sheaths_ of said second material; and
causing the second maferial of each multicomponent filament sheath to
combine to form said sheath in which seid cores are embedded,
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* “coextruding said internediate coextrudate with a surf ' o form
an*out er .sheath portion of said sheath, : ﬁm{ﬁﬁﬁ Thol ten
- coext'ruate leaving the die assenbly with the core filaments enbedded in
"sai d body sheath and sai d body sheath surrounded by said outer sheath
portion. 23. The met hod of ghai m 21 or 22, wherein the die
assenbly conprises an integral unit. 24" The nmethod of claim?21

or 22, wherein th Le A6s onpr i ' udi ng said
at | east one fil a%%k"jesué e rgp#%r\’/\g? Fga%?awggiengs%g{’ggﬁéI%easém%ne

fil amenembedded B @bitaidath, 25. The method of claim 24, wherein said
upper die conprises a spinneret having g predeterm ned nunbey of apertures.

26. 22. The Thetmehiod of claimn 1y whereln the ¢asxispding Stppi GoEMIISES:at i ng an

additive into one QL. aqr.e ' f i ng..C usi on.
27, The TSR ¢ piRaliey 85 WA GLarRer WA EyR hafhll A L ) N0
st ep coffipstimssrisiuaidcshiesths off saidaletond pawntl; udate and drawi ng the floss. 28.

A nmet hod of flossing teeth, conprising inserting between two teeth a | ength
of mul ti conponent ,fOE@éﬁtﬂndﬂﬁfamﬁ@ﬁ@f‘WEWé?ﬁe preppiising pasing the seepndg to any

one of &8l ot edch multicomponent filament sheath to combine to form 2 body sheath in
which said core filaments are embedded; and |

coextrunding said intermediate coextrudate with a surface material to form
an outer sheath portion of said sheath, ' ' :
the resulting molten coextrudate legving the die assembly with the core |
filaments embedded in said body sheath and said body sheath sutrounded by said onter
sheath portion,
23. The method of claim 21 or 22, wherein the die asssmbly comprises an
integral unit. ;
24. The method of claim 21 or 22, wherein the dic assembly comprises an
upper die for extruding said af least one filament, and a lower die for embedding said
at least one filament in said sheath, . |
25, The method of claim 24, wherein said upper die comprises a spinneret

having 3 predetermined number of apertures.

26, - The method of claim 21 or 22, comprising incorporating an additive into
one or more of the materials before or during coextrusion.

27. The method of any one of claims 20-26, where the treating step
comprises quenching the molten coexivndate and drawing the floss,

28, A method of flossing teeth, comprising inserting between two teeth a
length of multicomponent, coextruded monofilament dental floss according to ény one
of claims 1-19. )
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