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AN ABRASIVE ARTICLE HAVING A BACKING, SUITABLE FOR
ATTACHMENT TO A ROTATABLE SHAFT, AND PREPARATION THEREOF

FIELD

The present invention relates to an abrasive article comprising an abrasive part fixed to a

backing, suitable for attachment to a rotatable shaft, and to its preparation.

BACKGROUND

Abrasive articles are available in many different grades, from coarse grades suitable for

sanding or grinding, to very fine grades suitable for polishing or cleaning.

Abrasive articles of the kind having an abrasive part fixed to a backing are known. An
example is a Scotch-Brite™ Clean and Strip disc available from 3M Company of St. Paul,
Minnesota, USA. This disc has a Scotch-Brite™ disc glued to a separate backing, and has
a central bore permitting the article to be attached to the rotatable shaft of an abrading tool.
The backing is made from impregnated fibre glass or a plastic material such as nylon.. A
metal ring can be inserted in the bore in the backing to strengthen the backing for
mounting to the abrading tool. The Scotch-BriteTM disc is attached to the backing by an

adhesive which is then cured in an oven. It is known to stick labels to the backing.

An alternative method involves making the separate backing by injection moulding. The
subsequent procedure is then the same, namely gluing the backing to the Scotch-Brite™

disc, curing the glue and applying a label.

Another abrasive article of this type is an abrasive flap disc also available from 3M
Company. The flap disc has a plurality of flaps made of coated abrasive material. The
flaps are arranged in a slanted arrangement so that they overlap one another and are then
resin bonded to a separately-made backing. The backing provides a means of attachment
to a driven tool and also provides a support for the flaps as well as imparting rigidity to the
article.

The production of these abrasive articles requires a number of steps and a variety of raw

materials. This makes the production process time consuming.

The invention has been made with these points in mind.

1
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Another abrasive article not having a backing can be made by the method taught in WO
2005/115716. This method involves placing particles of abrasive agglomerate (abrasive
particles held together in a pellet by a binder) in a mould, placing a screen over the
agglomerates and injecting thermoplastic resin into the mould. The screen ensures the
agglomerates remain in the desired place, rather than being displaced by the injected resin.
The resin surrounds the agglomerates such that the agglomerates are embedded in the

resin.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is provided a method of making an
abrasive article comprising an abrasive part and a backing fixed to the abrasive part to
provide for attachment of the abrasive article at a central location to a rotatable shaft of a
driven tool, wherein the abrasive part comprises a substrate having abrasive
characteristics, the method comprising placing a restricting layer adjacent the abrasive
part, injecting molten polymeric material onto the restricting layer, the restricting layer
causing the polymeric material to spread over the abrasive part, and allowing the
polymeric material to cool while remaining in contact with the abrasive part to form the

backing.
Preferably, the polymeric material is a thermoplastic material.

In the invention, the backing is fixed directly to the abrasive part by the polymeric
material. This is achieved by contacting the abrasive part with the polymeric material
while the polymeric material is molten, and allowing the polymeric material to cool. The
polymeric material of the backing therefore becomes integrally formed with the abrasive
part. The invention does not require the use of a separate adhesive to fix the backing to

the abrasive part.

In this way, the invention reduces the required raw materials and production steps
compared with known articles of this type, since it is not necessary to form different
components separately and then fix them together. The materials used are also readily
available and, particularly when a thermoplastic material is used for the backing, are

comparatively inexpensive. The invention is therefore cost effective, simple and has a low
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cycle time. The restricting layer is permeable to the molten polymeric material. It
encourages the polymeric material to spread over the abrasive part while allowing molten
polymeric material to contact the abrasive part. This is particularly preferred when the

abrasive part is made of non-woven fibres as discussed below.

In the absence of a restricting layer, polymeric material may not spread evenly to form the
backing as intended. In the case in which the abrasive part is made of non-woven fibres,
the polymeric material may, in the absence of a restricting layer, preferentially penetrate
into the non-woven material, particu]arly in the region where the polymeric material is
injected, rather than build up to forrﬂ the backing. In embodiments having a non-porous '
abrasive part, it can also be beneficial to use a restricting layer. With non-porous abrasive
parts, polymeric material may preferentially stick to the non-porous material in the region
where polymeric is injected, thus hindering or possibly preventing spreading of the

polymeric material over the whole of the abrasive part.

The restricting layer advantageously ensures that polymeric material spreads substantially
evenly over the surface of the abrasive part before the polymeric material penetrates into
or adheres to the abrasive part, and limits the penetration of polymeric material into the

abrasive part.

The restricting layer is preferably a mesh, also known as a scrim. The mesh may have a
mesh opening of up to 1000 micrometers, and the filaments of the mesh may be composed
of a plastic material such as polyamide or polypropylene, an organic material such as

cotton or linen, or a metal such as steel.

The purpose of the backing is to provide a means of support for the abrasive part and/or a
means for attachment to a rotatable shaft of a driven tool such as a grinder, sander or
polisher. The backing can also provide the abrasive part with increased rigidity or strength.
The backing may be substantially co-extensive with the abrasive part or, at least, have a
substantially similar radial extent to that of the abrasive part. However, the backing may
be slightly smaller than the abrasive part, or slightly larger than the abrasive part so as to

provide an overhang or flange.
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In one embodiment, in which the abrasive part comprises a support made of non-woven
fibres, the molten polymeric material penetrates into interstices between the fibres, fixing
the backing to the abrasive part. Non-woven abrasive materials typically comprise a
uniform lofty web of continuous three-dimensionally autogenously bonded filaments,
which may be impregnated with an adhesive binder and may contain a multitude of
abrasive grains or granules dispersed throughout the web. The thickness, length and
composition of the filaments and the type of adhesive binder and abrasive particles may be
selected depending upon the intended application of the abrasive product. Webs of that
type are disclosed, for example, in US 2,958,593, US 4,227,350, US 5,928,070 and US
6,302,930. An example of a non-woven abrasive material is the product commercially
known as Scotch-Brite™ abrasive material, available from 3M Company of St. Paul,
Minnesota, USA.

In another embodiment, the abrasive part is non-porous (for example it may be made of a
coated abrasive material) the molten polymeric material of the backing adhering to the
abrasive part. Coated abrasive articles generally comprise a substrate, which is often non-
porous, to which a plurality of abrasive particles are bonded by suitable bond systems.

Various coated abrasives are known to the person skilled in the art.

The abrasive part may be a disc. Alternatively, the abrasive part comprises a plurality of
abrasive elements in a disc-like arrangement. The abrasive elements can be substantially
planar flaps, each having a part which is fixed to the backing. Typically, the flaps extend
obliquely away from the backing and the plane of each flap extends radially outwardly.
Optionally, at least one of the abrasive elements can be made of a first material, such as
non-woven fibres, and at least one of the abrasive elements can be made of a second

material, such as a non-porous material. The two kinds of abrasive elements may be

arranged to alternate.

These embodiments of the invention are advantageous since they can economically

provide flap discs.

The abrasive article may have an aperture/thread formed generally at its centre for

receiving a rotatable shaft which is mountable to a driven tool.
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The method of making the abrasive article may further comprise the steps of providing a
mould having first and second mould plates which together define a mould cavity, placing
said abrasive part in the mould cavity, placing the restricting layer on the abrasive part,

and injecting molten polymeric material into the mould cavity to-form the backing.

Preferably, one of the mould plates is formed with a channel through which the molten

polymeric material is injected.

In some embodiments of the invention, a predetermined amount only of molten polymeric

material is injected.

If a thermoplastic material is used to form the backing, the selection of one suitable for a
given use from the range available ‘will be apparent to those skilled in the art. The
material is selected so that it will have a suitable viscosity at the injection temperature,
generally 200 to 280°C. Exemplary thermoplastic materials include thermoplastic
polyether ester elastomer block copolymers comprising hard (crystalline) segments of
polybutylene terephthalate and soft (amorphous) segments based on long-chain
polymether glycols commercially available from DuPont under the trade name HYTREL;
polyamides such as nylon 66 e.g. commercially available from LATI Industria
Termoplastic S.p.A. under the trade name LATAMID and polyolefins, such as
polyethylene and polypropylene. The thermoplastic material may optionally contain filler

and/or reinforcing fibres.

The injected material need not, however, be a thermoplastic material: other polymeric
materials suitable for injection moulding could be used including thermoset materials and

blocked epoxy resins.

Suitable injection moulding machines for use in the invention are well known and may
have vertical or horizontal orientations. A vertical orientation moulding machine provides
an advantage since it facilitates controlling of the spread of the molten polymeric material.
Suitable injection moulding machines are commercially available from Arburg GmbH
under the trade name ALLROUNDER. Horizontal injection moulding machines are

widely available and may also be used. As described below, in some cases the machine
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selected should be capable (following adaptation if necessary), of injecting only a specific,

predetermined, amount of molten polymeric material.

Embodiments of the invention will now be described, by way of example only, with

reference to the following drawings in which:

Figure 1 is a diagrammatic perspective view of an abrasive article according to one

embodiment of the invention;
Figure 1A is an enlarged cross-section on the line 1A-1A of Figure 1;

Figure 2 is a diagrammatic section through a mould used to make the article of Figure 1;

and
Figure 3 is a perspective view of another abrasive article according to the invention.

The abrasive article of Figure 1 has an abrasive part 1 fixed to a backing 2. The abrasive
part 1 is a disc of non-woven abrasive material, for example the above-mentioned Scotch-
Brite™ abrasive material, and the backing 2 (which is also generally disc-shaped and of
substantially the same diameter as the abrasive disc 1) is made of injection moulded
thermoplastic material. The article has a bore 3 generally through its centre so that it can
be mounted to a rotatable shaft and can then be used on a rotary tool. The article is made
by placing the disc 1 in a mould cavity defined by first 4 and second 5 mould plates, as
shown in Figure 2. A restricting layer, or scrim 6, is placed over the disc 1, the mould is
closed and a pre-selected amount of molten thermoplastic material is injected through a
channel 7 in the first mould plate 4. Molten thermoplastic material fills the space 9 in the
cavity and is allowed to cool, thus forming a backing 2 which, as described in greater
detail below, is fixed to the disc 1. During the moulding operation, a suitably-shaped pin
5A on the second mould plate 5 projects into the central aperture in the abrasive disc 1 to

prevent the injected thermoplastic material from entering the bore.

The scrim 6 is a mesh of Sefar™ Nitex™ 06-850/53 monofilament open mesh fabric
composed of polyamide 6. The mesh opening is 850 micrometers, the filament has a

diameter of 305 micrometers, and the fabric has a thickness of 555 micrometers. The
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fabric is available from Sefar AG, Filtration Division, Moosstrasse 2, CH-8803,

Rueschlikon, Switzerland.

The scrim causes the molten thermoplastic material to spread over the disc 1 before it
penetrates substantially into the non-woven material. Without the scrim, it has been found
that molten thermoplastic material may preferentially penetrate into the surface of the disc

in which case it does not fill the full space 9 in the cavity to form a satisfactory backing.

While the scrim 6 encourages the thermoplastic material to spread over the abrasive part 1,
it also allows thermoplastic material to pass through the scrim and penetrate into the non-
woven material of the disc, filling the some of the interstices 10 in the disc. Therefore,
upon cooling, the thermoplastic material forms integrally with the abrasive part, such that

the backing is fixed to the disc as illustrated in the cross-sectional detail of Figure 1A.

As an additional aid to improving the distribution of the thermoplastic material over the
surface of the disc 1, several injection channels may be provided in the mould plate 4

rather than the single channel 7 as illustrated.

When the completed abrasive article has been removed from the mould cavity, the bore 3
is formed in the backing by removing the thermoplastic material that covers the central

aperture in the abrasive disc 1.

In a moulding process as described above with reference to Figs. 2, the amount of
thermoplastic material that is injected into the space 9 in the mould cavity can be
controlled by means of a suitable valve (not shown) located in the channel 7 of the mould.
The channel 7 is connected to a suitable supply of molten thermoplastic material under
pressure so that, if the valve is opened for a predetermined interval of time, a
predetermined amount of the thermoplastic material will be injected into the space 9,
sufficient to form the backing 2 and to penetrate, to the desired extent, into the abrasive
material of the disc 1. The process thus differs from a conventional injection moulding
process in which the injection of molten thermoplastic material into the mould would
continue until the mould cavity has been filled. The process may, nevertheless, be carried
out using a conventional injection moulding machine suitably-adapted for the purpose

although, because the mould cavity is never filled with the injected thermoplastic material,
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it is not actually essential for the mould to be closed. Through the use of such a process, it
can be ensured that the injected thermoplastic material does not permeate throughout the
abrasive material of the flaps 1 and, because the abrasive material is not subjected to the
high pressures normally generated in the mould cavity of an injection moulding machine,

the risk of structural damage to the abrasive material is minimized.

The valve used to control the amount of thermoplastic material injected into the space 9 of
the mould cavity may be of any suitable type, one being an electromagnetically-controlled
needle valve known for use in sprueless injection moulding. A suitable valve is an
electromagnetié needle valve available, under the trade name “Z 1081” from HASCO
Hasenclever GmbH + Co KG of Liidenscheid, Germany. The opening of the valve can be

controlled by the injection machine itself.

Another abrasive article in accordance with this invention can be seen in Figure 3. This
article is a flap disc which comprises a plurality of abrasive elements 11 formed of a
coated abrasive material which is non-porous. The abrasive elements are generally planar,
rectangular flaps arranged in a circle to form a disc, with each flap being fixed to a
backing 12 made of injection moulded plastic. The backing 12 is also generally disc-
shaped. The flaps 11 extend generally radially outwards in the disc, with their planes

making an oblique angle with the backing, and with adjacent flaps overlapping each other.

_The inner side edges of the flaps 11 define a central opening, aligned with a bore 13 in the

backing 12 for receiving a rotatable shaft for attachment to a rotary tool.

As already mentioned, the backing 12 is generally disc-shaped, to cotrespond to the
arrangement of the flaps 11. The backing 12 provides a support for the flaps and imparts
rigidity to the abrasive article. Although the backing is substantially co-extensive with the
arrangement of flaps, it does not fully cover the flaps. Accordingly, the outer edges of the

flaps are not covered by the backing.

The method of making the flap disc of Figure 3 is similar to the method of making the
abrasive article of Figure 1. The individual flaps are placed in the mould cavity formed by
two mould plates and arranged in a circle (not shown). A scrim is placed on the
arrangement of flaps to stop the molten thermoplastic material sticking to the flaps in the

region where the plastic material is injected before it has spread out over the flaps.
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The mould is closed and molten thermoplastic material is injected through a channel
formed in the first mould plate. In this case, because the flaps 11 are non-porous, it is not
necessary to pre-select the amount of material that is injected. Molten thermoplastic
material is injected to fill the space in the mould cavity and is allowed to cool, thus
forming a backing. The molten thermoplastic material adheres to the surface of the flaps,

thus forming the backing integrally with the flaps.

When the completed flap disc has been removed from the mould cavity, the bore 13 is
formed in the backing by removing thermoplastic material covering the central aperture in

the circular arrangement of flaps 11.

The invention can cover various alternatives not described here. For example, the abrasive
part and/or backing can have various different shapes and sizes, and can be made of other

suitable materials.

The backing, for example, need not be circular but could, as an alternative, comprise
several arms that extend from the centre over the abrasive part in the shape of a star: the
arms will typically have a similar radial extent to that of the abrasive part. The backing
need not be flat as shown in the drawings but could have any shape known to be suitable
for products of this type and capable of being formed by an injection-moulding process: as
an example, the backing could have a generally dome-shaped central region surrounding

the shaft-receiving aperture 3, 13.

An alternative form of the abrasive part could, for example, comprise a plurality of flaps
of abrasive material positioned vertically and arranged in a ring with a major face of one
flap positioned adjacent a major face of another flap. In that case, the injection-moulded

backing would be attached to the upper edges of the flaps.

Different features of the different embodiments can be used in combination as appropriate.
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CLAIMS

1. A method of making an abrasive article comprising an abrasive part and a backing
fixed to the abrasive part to provide for attachment of the abrasive article at a central
location to a rotatable shaft of a driven tool, wherein the abrasive part comprises a
substrate having abrasive characteristics, the method comprising placing a restricting layer
adjacent the abrasive part, injecting molten polymeric material onto the restricting layer,
the restricting layer causing the polymeric material to spread over the abrasive part, and
allowing the polymeric material to cool while remaining in contact with the abrasive part

to form the backing.

2. A method a claimed in claim 1, wherein the backing is substantially co-extensive
with the abrasive part.
3. A method as claimed in claim 1 or claim 2, wherein the abrasive part further

comprises a plurality of abrasive particles bonded to the substrate.

4. A method as claimed in any one of the preceding claims, wherein said substrate
comprises non-woven fibres, the molten polymeric material penetrating into interstices

between the fibres, which fixes the backing to the abrasive part.

5. A method as claimed in claim 4, in which a predetermined amount only of

polymeric material is injected onto the restricting layer.

6. A method as claimed in claim 1 or claim 2, wherein said substrate is non-porous,

the molten polymeric material of the backing adhering to the abrasive part.

7. A method as claimed in claim 6, wherein the abrasive part is a coated abrasive
material.
8. A method as claimed in any one of the preceding claims, wherein the restricting

layer is a mesh.

9. An abrasive article comprising an abrasive part including a substrate to which a

plurality of abrasive particles are bonded, and a backing made of injected polymeric

10
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material, the backing being fixed directly to the abrasive part by the method of any one of

the preceding claims.

11
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