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(57) Abstract

The invention pertains to a process for producing surface-structured synthetic bristle material by extrusion of 2 monofilament. Before
or <uring extrusion, granules are added to a first thermally melted synthetic materfal which constitutes the principal component of the
monofilament. The granules consist of a second synthetic material with a higher thermal stability than the first, The grain size of the
granules is such that the monofilament when subsequently stretched undergoes a more marked transverse contraction in eross-sections with
few or no granules than in cross-sections which have granules. The invention also pertains to a surface-structured bristle made from the
principal component first synthetic material in which granules of the second synthetic material are embedded so as to be more or less
completely covered and form a structure at the bristle surface. The invention futher pertains to a brush, in particular a toothbrush or
interdental cleaning device, with a plurality of bristles gathered as required into bundles, at least some of the bristles having the structure
indicated above,

(57} Zusammenfassung

Die Erfindung betrifft ein Verfahren zur Herstellung oberflichenstrukiurierten Borstenmaterials aus Kunststoff durch Extrudieren eines
Monofils. Bevor oder wiihrend des Extrudierens wird einem thermisch aufgeschmolzenen, die Hauptkomponente des Monofils bildenden 1.
Kunststoff-Material ein Granulat beigemischt. Das Granulat besteht aus einem 2. Kunststoff-Material, das cine hohers thermische Festigkeit
als das 1. Kunststoff-Material besitzt. Die KorngréBe des Granulats ist so bemessen, da das Monofil bei einem nachfolgenden Verstrecken
in Querschaitten, in denen wenig oder kein Granulat angeordnet ist, ciner stirkeren Querkontraktion unterlispt sls in Querschnitten mit
Granulat. Dariiber hinaus betrifft die Erfindung eine Borste mit Oberfiichenstruktur aus einem die Hauptkomponente bildenden 1. Kunststoff-
Material, in das in im wesentlichen vollstindig fiberdeckter Weise cin Granulat aus einem 2, Kunststoff-Materia) cingebettet ist, wobei das
Granulat auf der Oberfliche der Borste eine Strukturienimg bildet. Des weiteren betrifft die Erfindung eine Biirste, insbesondere Zahnbtirste
oder Interdentalreiniger, it einer Vielzahl von gegebenenfalls zu Biindeln zusammengefadten Borsten, wobei zumindest einige Borsten
den genannten Aufbau aufweisen,
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ABSTRACT

The invention relates to a method for the manufacture of surface-structured
bristle material from plastic by extruding a monofilament. Before or during
extrusion a granular material is admixed with a thermally melted f£irst plas-
tics material forming the main component of the monofilament. The granular
material comprises a second plastics material, which has a higher thermal
strength than the first plastics material. The particle size of the granular
material is such that the monofilament, during a subsequent stretching, is
subject to a greater transverse contraction in cross-sections where there is
little or no granular material than in cross-sections containing granular
material. The invention also relates to a bristle with a surface structure
from a first plastics material forming the main component and in which is
embedded in a substantially completely covered manner a granular material of a
second plastics material, the granular material forming a structuring on the
bristle surface, The invention also relates to a brush, particularly a
toothbrush or interdental cleaner, with a plurality of bristles, optionally
combined into bundles and in which at least certain bristles have the afore-

mentioned structure.
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BRISTLES WITH SURFACE STRUCTURE, METHOD FOR THEIR MANUFACTURE
AND INTERDENTAL CLEANER OR BRUSH MANUFACTURED THEREFROM

The invention relates to bristles with a surface structure and to a method for
the manufacture of surface-structured bristle material from plastic by extrud-
ing a monofilament. The invention also relates to a brush, particularly a

toothbrush or interdental c¢leaner, which 15 at least partly provided with the

surface-structured bristles,

Although the Lnvention is described hereimafter in conjunction with bristles
and bristle material, it expressly covers monofilaments, which can be pro-
cessed to fabrics, mats, filters, etc. The invention can also be used in the
case of paint brushes, polishing and abrading pads or cleaning, application,

polishing or abrading devices.

Plastic bristles which are extruded are normally smoothed on thelr surface due
to the manufacturing process. In the case of brushware of a random nature,
such bristles exercise their brushing action initially and mainly through the
free ends of the bristles, which tear open the dirty surface and remove the
dirt by scratching and scraping. In the case of stronger pressure, the
bristles are bent round and act with their circumferential surface. They then
slide in a stroking and sliding manner aver the_surface with a more gentle
action. Also when applying paint and the like Ey means of a brush the bristles
are curved or bent, so that they engage with the surface to be treated not
only with their free bristle ends, but also with their circumferential sur-—
face. For a long time consideration has been given to using the circumfer-
ential surface of the bristles for surface treatment purposes by structuring

or profiling it.

East German patent 32963 and US patent 2 642 705 disclose the application of
abrasive particles to the clrcumferential surface of bristles or a bristle
material by embedding the same in the surface melted-on bristle material.

Such a procedure is not only very complicated, but it has also been found that
the external abrasive particles can become loose in particular due to the
bending action occurring when using the bristles. In addition, such bristles
are so abrasive and therefore aggressive, that it is not possible to use them

in all cases of human dental and body care.
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Itis known from US patent 2642705, British patent 1327329 and in particular
DE-OS 203764 to incorporate by mixing abrasive particles into the plastics
material of the bristles. According to DE-OS 2037674 inorganic abrasive
particles of aluminium oxide, chopped glass fibres, asbestos particles or
ceramic material or also diamond particles are used, which have a much
greater hardness than the surrounding plastics material so that there is a
very pronounced abrading action. which in many cases is undesired.
Frequently the abrasive particles are incorperated in such a high percentage
that they touch or penetrate to the bristle surface. Experience has also shown
that such embedded abrasive particles over a period of time are exposed as a
result of wear on the surface of the bristle, so that the abrasiveness of the
bristles is significantly increased, so that such bristles cannot be used for
human dental or body care. because it would lead to considerable risks of
damage to the skin, teeth or mucous membranes of a user. In order to e.g.
remove plaque from teeth or dirt from floors or roads, it is not so much a
question of obtaining an abrading action by abrasive material, but instead a
so-called rearming action, which could be achieved by a surface structure or
topography. Through the mixing in of abrasive particles such a surface
structure can only be obtained when using relatively large particles.
Admittedly the reaming characteristics of such a bristle are adequate, but the
large abrasive particles projecting over the surface simultaneously lead to
high abrasiveness. The bristles are also greatly weakened by the
incorporation of large abrasive particles. so that the bristles only have an
inadequate strength.

It is also known to mechanically roughen the surface of bristles, in that the
bristle flanks are structured with a tool (US patents 3 325 845 and 3 229 347).
The roughening of the bristle flanks can be brought about by means of an
abrading or grinding device or alsc by sand blasting. However, this leads to
the disadvantage that the longitudinally oriented molecules in the bristles are
torn open and consequently the bristles are weakened. This procedure is
also very complicated. After working the surfaces becomes fibrous and
fringy. which leads to the risk of parts being released from the bristle
material. It has been found that it is not possible in this way to obtain a

clearly defined surface lopography.
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FR-A-2 450 580, which constitutes the closest prior art discloses providing
the bristles with bead-like or drop-like thickenings for increasing liquid
storability and additionally with grooves running in the longitudinal
direction of the bristle. This is achieved in that, prior to the final stretching
of the monofilament it undergoes a washing process. A clearly defined
surface topography cannot be obtained.

EP 360938A1 proposes embedding a blowing agent in the bristle material and
to bring about the surface roughness by foaming the blowing agent.

Howsver, the chambers or cavities forming throughout the bristle strand lead
to a significant bristle stiffness reduction. In addition, due to the torn open
cavities the bristle surface is non-uniform and has no clearly defined
structural depth or topography, which is necessary for effective reaming,

"The problem of the invention is to provide a bristle or bristle material, which
has a predetermined surface topography with a predetermined or only slight
abrasiveness, but an increased reaming action. In addition, a method for the
manufacture of the bristle material is to be provided with which
corresponding bristles can be easily manufactured.
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With regards to the method, this problem is solved in that a thermally melted
on first plastics material forming the main component of the extruded moneo-
filament has a granular material of a second plastics material with a higher
thermal strength than the first plastics material admixed with the latter
before or during extrusion. When using a thermoplastic material as the
second plastics material, the latter has a higher melting point. If,
alternatively, ancther plastics material is used, it must be ensured that the
latter does not liquefy or does not liquefy earlier than the first plastics
material. The particle size of the granular material must be such that the
monofilament during a subsequent drawing or stretching is located in cross-
sections in which there is little or no granular material and is subject to a
greater cross-sectional reduction or transverse contraction than in cross-
sections with a large amount of granular material. The granular material
does not serve as abrasive particles, but merely as a shape or resistance body
in order to locally prevent transverse contraction.

In the method according to the invention the first plastics material, which
can in known manner be polyamide. polyester, polyolefin, etc., is heated in
an extruder and is consequently rendered flowable. Then. during or prior to
extrusion the granular material from the second plastics material is admixed
in & quantity of preferably 5 to 30% of the total weight of the bristle material.
The dimensions can fluctuate, but should net be too small. In a preferred

development of the invention, the
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size of the granular material particles is between 10 and 50% of the diameter

of the bristle material.

As the second plastics material of the granular material has a higher thermal
strength or higher melting point than the first plastics material forming the
main component, it can be achieved that as a result of the heat of the first
plastics material it does not or only surface-melts, so that the granular
material particles during extrusion are contained as solid inclusions in the

flowable, first plastics material.

According to the invention the granular material is also formed by a plastics
material. This leads to the advantage that the granular material can be pro-
duced in a simple manner, in that e.g. an extruded monofilament is produced
and cut to length in the desired way. It has proved advantageous to choose
the length of the granular material particle either identical to or longer
than the monofilament diameter. However, alternatively, it is also possible
to produce the granular material by grinding plastic. In order to obtaln a
relatively uniform particle size, the granular material can be sorted in the

conventlonal manner by a screening process.

It has proved advantageous to deburr the granular material. Particularly in
the case of granular materials produced by cutting to length a monofilament,
relatively sharp edges occur, which could pass to the outside in the case of
bristle wear. These sharp edges are removed by the deburring process, which
can take place thermally and/or mechanically. In the case of thermal deburr-
ing, the granular material undergoes surface premelting, so that the sharp
edges flow. It 1is alternatively pessible to surface-work in drums said gran-
ular waterial prior to admixing with the first plastics material and conse-

quently the edges are removed.

It has been found that for the granular material it is possible to also use
higher thermally stable plastics which, as a result of their molecular struc-
ture, could not hitherto be used for bristle manufacture, because the tech-
nical values of the inventively manufactured bristle material are only depen-

dent to a limited extent on the nature of the granular material.
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If the first plastics material with admixed granular material is forced
through the die of the extruder and the monofilament delivered is drawn off
at a speed which is higher than the delivery speed from the die, a first
stretching of the monofilament takes place. However, the tensile forces only
act in the first plastics material, because the granular material particles
are contained in substantlally freely mobile manner therein. As a result of
the stretching the coiled molecules of the first plastics material are longi-
tudinally oriented and the diameter of the monofilament is reduced by trans-
verse contraction. The diameter reduction does not take place im uniform man-
ner over the length, but instead the granular material particles impeded
transverse contraction, so that in the vicinlty of a granular material part-
icle there is a lower cross-sectional reduction than in areas where there are
no granular material particles. Therefore the stretching leads to a surface

structure of the monofilament.

The still flowable monofilament with surface structure is subsequently cooled
in known manner, which leads to a solidification. The monofilament is prefer-
ably subsequently exposed to a further stretching, which leads to an elonga-
tion to a much greater length and in particular to a further diameter reduc-
tion. The longitudinally oriented molecules of the first plastics material
are not destroyed. This can be followed in conventional manner by a stabil-

ization of the monofilament or the bristle material.

If, according to a further development of the invention, the abrasiveness of
the second plastics material of the granular material is at the most of the
same level as that of the first plastics material, it is reliably prevented
that the abrasiveness of the bristle material is dependent on whether and
optionally to what extent granular material particles are located on the
circumferential surface of the monofilament or exert their action. Even if
the bristle flank or circumferential surface is worn over a period of time
and consequently the granular material particles touch the clrcumferential
surface, at the most the bristle has the same abrasiveness as the first plas-

tics material forming the main component.

According to a preferred development of the invention, the granular material

is embedded in the first plastics material and is substantially completely




covered by the latter. This is brought about in that the granular material is
so wetted by the first plastics material in the extruder, that on passing out
through the die it is largely covered by the plastics material. Therefare
the monofilament has a circumferential surface, which is substantially com-

pletely formed by the first plastics wmaterial.

It has been found that the surface topography brought about by the zonally
differing transverse contraction is dependent on the shape of the granular
material particles and is in accordance therewith. For obtaining different
topographies, the granular material can be spherical, parallelepipedic or

prismatic or can contain a mixture of particles with different shapes.

As has already been stated, the granular material need not melt during the
extrusion process, so that the particles form a solid, dimensionally stable
inclusion in the first plastics material. It is alternatively also possible
for surface melting to take place during extrusion of the granular material
formed from plastic, so that it forms a solid bond and is surface welded to
the surrounding first plastics material. However, it must be ensured that the
granular material does not completely melt, because it would otherwise mix
with the first plastics material. However, the surface melting can bring

about a deburring.

For the first and second plastics materials, use is preferably made of thermo-
plastic material combinations which can be readily welded together. Part-
icularly in the case of toothbrushes, it has proved appropriate to combine
with the first plastics material of the bristles, Nylon 6.12, a polyphenylene
sulphide granular material. The melting point difference between Nylon 6,12
{218°C) and polyphenylene sulphide (260°C) has proved particularly advantage-

ous.

Both the first and second plastics materials of the granular material may ot

may not be filled with fillers.

It has been found that the surface structuring is best visible if relatively
little granular material is admixed with the first plastics material. However,

this leads to a decrease in the abrasiveness due to the small number of
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surface protuberances. In thls case abrasiveness can be increased again by
adding fillers to the first plastics material. This makes it possible to

obtain a slightly abrasively filled bristle with a good surface structure.

It can be advantageous in certain applications for the granulat material to

be harder than the first plastics material. In this case the formation of the
surface structure is advantageously supported and maintained in a lasting
manner. However, alternatively, it is also possible for the granular material
to be softer than the first plastics material. This leads to a more flexible
surface structure, which is particularly appropriate in meauns for the treat-
ment of sensitive areas, e.g. the gums or interdental spaces. For this pur-
pose Lt is possible for the granular material to comprise a rubber-like

material,

For certain applications it must be ensured that a user is able to recognize
as such the reaming action-providing bristles according to the invention and
does not use the same by mistake. According to the invention this can be
achieved in that the first plastics material is made transparent or trans—
lucent. Therefore the user can detect the covered granular material, which
preferably has a different colour to the first plastics materlal, through the
latter. For the visualizing of any shape, size and action-differing granular
material types, they can be embedded in different colours in the transparent

or traunslucent first plastics material.

With regards to the bristle the aforementioned set problem is solved in that
the bristle is made from a first plastics material forming the maln component
in which is embedded a granular material of a second plastics material in a
substantially completely covered manner, the granular material forming a
structuring on the bristle surface. The abrasiveness of the second plastics
material of the granular material can correspond at the most to that of the
first plastics material. With such bristles the desired massaging and clean-
ing effects are not determined by the filler or the granular material, but by
the surface structures of the bristles resulting from the granular material
dimensioning. Further features and advantages of corresponding bristles can
be gathered from the above description of the method. The aforementioned

features and advantages can also occur in a monofilament, such as is e.g. used




in certain interdental cleaners.

The bristles or monofilament can have a random cross-sectional shape, in

particular round, oval, triangular, square, star-shaped, etc.

The invention also relates to a brush, particularly a toothbrush or inter-
dental cleaner, having a plurality of bristles optionally combined into bund-
les and in which at least some of the bristles are designed according to the
invention. In order to adapt the action of a brush to given framework con-
ditions, the bristles according to the invention camn also be combined and
processed together with bristles having other configurations. Interdental
cleaners are also known, which only comprise a single wonofilament. The inven-
tion is also intended to cover those interdental cleaners in which the mono-

filament is designed according to the invention.

Apart from the aforementioned brushes, the invention can also be used in
paintbrushes for obtaining a better paint retention capacity, in hairbrushes
for a good cleaning and degreasing capacity, in massaging brushes with a
bhetter rubbing action, in manually and machine-cperated brooms for increased
dirt absorption, in polishing and abrading pads with a higher efficlency as
a result of surface topography, as well as in woven, braided or other mats,
cleaning equipment, applicators, pelishing and abrading devices nanufactured
from bristles or monofilaments. The invention can also be implemented in a

filter which, due to its structuring, has an enlarged monofilament surface.

The invention is described in greater detail hereinafter relative to an

embodiment and the attached figs. 1 to 3, wherein show:

Fig. 1 A monofilament after extrusion in longitudinal section.

Fig., 2 The monofilament following prestretching.

Fig, 3 The monofilament after further stretching.

As can be seen in fig., 1, immediately after passing out of the extruder die, a

monofilament 10 has a substantially uniform cross—section over its length with
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a smooth circumferential surface 13, several granular material particles 12

of a second plastics material are embedded in irregular manner in a first
plastics material 11 forming the main component of the monofilament 10, In
this embodiment the granular material particles 12 in part have a spherical
shape and in part a parallelepipedic shape. The first plastics material Il

is flowable, whereas the granular material particles 12 form solid, stable
inclusions. After passing out of the extruder die {cf. arrows in fig. 1) the
monofilament is prestratched, so that it is subject to a cross-sectional
reduction due to transverse contraction. However, the granular material part-
icles 12 zonally prevent this transverse contractiom, so that cross-sectlons,
where there is little or no granular material particle or particles, are sub-
ject to a stronger transverse contraction than those cross-sections in which
there are relatively few granular material particles. This leads to a non-
uniform, varying cross-sectional shape and size over the length of the mono-
filament, so that on the outside of the circumferential surface 13 is formed a

structuring, as can be seen in fig. 2.

After cooling the monofilament is stretched again (¢f. arrows in fig. 2) and
elongated to several times its previous length. This leads to a further cross-
sectional reduction due to transverse contraction, which 1s once again pre-
vented by the granular material particles. Fig. 3 shows the resulting
increased structuring of the circumferential surface 13 of the monofilament 1O.
It can be seen that the surface topography formed is dependent on the shape of
the granular material particles. When using spherical granular materials more
gentle topography shapes are formed than when using e.g. parallelepipedic

granular materials.
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CLATMS

l. Method for the manufacture of surface~structured bristle material from
plastic by extruding a monofilament, in which with a thermally melted first
plastics material forming the main component of the monofilament is admixed,
before or during extrusion, a granular material of a second plastics material,
which has a higher thermal strength than that of the first plastics material,
the particle size of the granular material being such that during subsequent
stretching, in cross-sections where there is little or no granular material,
the monofilament is subject to a greater trausverse contraction than in cross-

sections with a large amount of granular material.

2., Method according to claim l, characterized in that the abrasiveness of the
second plastics material of the granular material is at the most the same as

that of the first plastics material.

3, Method according to claim 1 or 2, characterized in that, after stretching,

the monofilament is cooled, then further stretched and stabilized.

4, Method according to one of the claims 1 to 3, characterized in that the
granular material is admixed in a quantity of 5 to 30% of the total weight of

the bristle material.

5. Method according to one of the claims 1 to 4, characterized in that the
size of the grannlar material particles is between 10 and 30% of the diameter

of the bristle material.

6. Method according to one of the claims 1 to 5, characterized in that the
granular material is embedded in the first plastics material and is substan-

tially completely covered by the latter.

7. HMethod according to one of the claims 1 to 6, characterized in that the

granular material comprises spherical and/or prismatic particles.

8. Method according to one of the claims 1 to 7, characterized in that the
granular material is produced by cutting to length from an extruded mono-

V7, £ilament.
e \\-,
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9. Method according to one of the claims 1 to 8, characterized in that the
granular material is produced by grinding plastic.

10.  Method according to one of the claims 1 to 9, characterized in that the
granular material is deburred.

11.  Method according to one cf the claims 1 to 10, characterized in that
deburring tekes place thermally and/or mechanically.

12.  Method according to one of the claims 1 to 11, characterized in that the
granular material is not melted during extrusion.

13, Method according to one of the claims 1 to 11, characterized in that the
granular material is surface-melted during extrusion.

14, Method according to claim 13, characterized in that the granular
material is surface-welded to the surrounding first plastics material.

15.  Method according to one of the claims 1 to 14, characterized in that the
second plastics material of the granular material is harder than the first
plastics material.

18.  Method according to one of the claims 1 to 14, characterized in that the
second plastics material of the granular material is softer than the first
plastics material.

17.  Method according to one of the claims 1 to 18, characterized in that the
first plastics material is transparent or translucent.

18.  Method according to one of the claims 1 to 17, characterized in that the
first plastics material and/or the second plastics material is filled with fillers.
19.  Bristle with a surface structure from a first plastics material forming
the main component, characterized in that the first plastics material is
embedded a granular material of a second plastics material in a substantially
completely covered manner, the second plastics material having a higher
thermal strength than the first plastics material and the granular material
forms on the surface of the bristle a structuring resulting from its transverse
contraction.

20.  Bristle according to claim 19, characterized in that the abrasiveness of
the second plastics material of the granular material at the most corresponds
to that of the first plastics material.

21.  Bristle according to claim 19 or 20, characterized in that the granular
material is admixed in a quantity of 5 to 30% of the total weight of the
bristle.
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22, Bristle according to one of the claims 19 to 21, characterized in that the
size of the granular material particle is between 10 and 50% of the bristle

diameter.
23.  Bristle according to one of the claims 18 to 22, characterized in that the

granutar material comprises spherical and/or prismatic particles.
24.  Bustle according to one of the claims 19 to 23, characterized in that the

granular material is surface-welded to the first plastics material.
25.  Bristle according to one of the claims 19 to 24, characterized in that the

second plastics material of the granular material is harder than the first

plastics material.
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26.  Bristle according to one of the claims 19 to 24, characterized in that the
second plastics material of the granular material is softer than the first

plastics material.
27.  Bristle according to one of the claims 19 to 26, characterized in that the

first plastics material is transparent or translucent.

28, Brush, particularly tcothbrush or interdental cleaner, with a plurality
of bristles optionally combined into bundles, characterized by at least some
bristles according to one of the claims 19 to 27.

29.  Interdental cleaner with a single bristle according to claims 19 to 27.

Dated this 22nd day of June 1999.

Pedex & Co. GmbH
Patent Attorneys for the Applicant:
F B RICE & CO.
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