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TREATMENT OF CROSS-LINKED ELASTOMERS

The present invention relates to the treatment of cross-linked elastomers, and
in particular vulcanised rubber (both natural and synthetic, and not limited to
vulcanisation with sulphur), and to products produced from such treated materials. In
particular, the invention relates to the re-cycling of rubber products, such as for
instance vehicle tyres.

The need for effective re-cycling of rubber products is a recognised global
problem. However, because of difficulties associated with de-vulcanising rubber (i.e.
breaking the cross-links which join the polymer chains) scrapped rubber, and in
particular scrapped tyres, has traditionally been landfilled or stock piled. This raises
significant environmental concerns and thus there is an increasing demand to find new
and improved ways of disposing of scrapped rubber, in some instances required by
government legislation.

There are known methods of recycling scrap rubber which combine chemical
and mechanical treatments to attempt to reverse the vulcanisation process and provide
a soluble flowable material which can be re-cured and reused. However, such
processes are relatively expensive and the materials they produce generally have
significantly diminished physical and mechanical properties compared to the original
product. In addition the chemicals used must be appropriate to the cross-linking
mechanism of the material which therefore needs to be identified.

Accordingly, one of the most widely used methods to generate usable material
from scrap rubber (such as scrap vehicle tyres) is to chop and grind the rubber into
small granules or fine powders. Fine powders may be incorporated at relatively low
levels into new rubber products (sometimes after additional chemical treatment to
improve the material properties). A major area of application for granulated material
derived from such scrap rubber is in the production of articles such as tiles, mats or
other ground surfaces (often used in school playgrounds and athletic tracks) in which

the granulated rubber crumb is combined with, and encapsulated by, a binder matrix
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(such as urethane) which is cured to bind the granules together in a suitable moulded
or otherwise formed product. However, a significant disadvantage of this approach is
the cost of the binder material which, given the very low cost of scrap rubber, can
constitute the majority of the product cost.

It is an object of the present invention to obviate or mitigate the above
disadvantages.

According to a first aspect of the present invention there is provided a method
of treating cross-linked elastomeric material, the method comprising:

subjecting the material to mechanical stresses in a processing apparatus to
mechanochemically de-vulcanise a portion of the material; and

controlling the processing operation such that a predetermined portion of the
untreated material remains vulcanised as granules, to thereby produce a flowable
material comprising granules of vulcanised elastomer dispersed in a matrix of de-
vulcanised elastomer.

The mechanical stresses will generally be shear and/or extensional stresses.

According to a second aspect of the present invention there is provided a
product formed from a treated material obtained, or obtainable from, the method
according to the first aspect of the invention.

The predetermined portion of untreated material remaining vulcanised in the
treated material need not be predetermined precisely.  For instance the
predetermination may be to specify an approximate amount, a maximum amount
and/or a minimum amount of material to be de-vulcanised.

A major application of the present invention is in the re-cycling of re-claimed
rubber but the invention may be applied to the treatment of any elastomeric material
which responds to mechanochemical processing.

The treated material can be readily re-constituted by a simple curing process to
re-cure the de-vulcanised material and the resultant products may be completely
homogeneous. The treated material may be mixed with additional material prior to

curing. Such additional material may include cured elastomers or elastomer that has
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not previously been vulcanised and which may be cured together with the treated
elastomer in a single stage.

Mechanochemistry is essentially a process of inducing chemical reactions in a
material solely by the application of mechanical stresses. One significant advantage
of mechanochemistry is that there is no need to identify the nature of the cross-links
as would be required for chemical de-vulcanisation. Mechanochemistry has for many
years been applied to non-vulcanised rubber stock as a means for modifying (usually
reducing) the molecular weight of the polymer to facilitate easy processing.
Typically, the required stresses are imparted to the material in a machine such as a
two-roll mill.

Mechanochemistry has also been proposed as a method of solubalising re-
claimed rubber. Such a process is disclosed in UK patent number 2,300,129 by
William Watson. In his patent, William Watson discloses a method of re-claiming
rubber by mechanically mixing the re-claimed material with a minor amount of raw
rubber which provides a matrix into which rubber de-vulcanised by the mixing
stresses dissolves. The result is a flowable material with properties very close to
those of raw rubber which can then be re-cured, and otherwise treated, in
conventional ways to produce products having substantially the same properties as the
original product.

The present invention takes advantage of the possibilities offered by
mechanochemistry in producing predictable changes to the chemical nature of a cross-
linked elastomer by appropriate control of the processing conditions. In particular,
the invention recognises that rather than applying mechanochemistry to produce fully
de-vulcanised product, the conditions can be controlled to produce a material
comprising partly de-vulcanised rubber and partly granules or particles of the original
re-claimed rubber.

In particular, by operating the process at temperatures below the curing
temperature of the materials (the preferred temperatures for operation of the present
invention are between 30 and 90°C), it can be ensured that any de-vulcanisation is due

only to the mechanochemical process and not as a direct result of a temperature
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increase in the material. This ensures that those granules or particles of the original
material which remain vulcanised are largely unaffected by the process and thus retain
their original properties. However, surface regions of the vulcanised
granules/particles generally will become tacky through at least partial de-
vulcanisation by the mechanochemcial process. This is an additional advantage in
that it improves the binding of the remaining vulcanised particles/granules.

For instance products produced from a re-cycled material obtained in
accordance with the present invention may replace the urethane bound rubber granule
products mentioned above. With the present invention, the proportion of de-
vulcanised material acts to allow the material to flow (so that it may be processed in
conventional rubber processing equipment) and also as a matrix which can be re-
cured to bind the granules of rubber together thereby obviating the need to provide a
separate binder such as the urethane binder mentioned above. Products according to
the present invention are therefore cheaper to produce and posses better physical
properties than the prior art products mentioned above.

The invention modifies the known mechanochemical process to reach a
practical compromise between the required time and energy input in treating the re-
claimed material and the usefulness of the final product. The products of the present
invention also tend to be stronger and more robust than the prior art materials formed
using a urethane binder material.

The method in accordance with the present invention may be controlled to
vary the amount of the original material which is de-vulcanised and the amount which
remains as vulcanised granules. Products of quite different physical characteristics
can thereby be produced from treated material in accordance with the present
invention.

The portion of the original material which is de-vulcanised should preferably
be sufficient to ensure that the treated material is sufficiently flowable to allow
subsequent processing using conventional rubber processing equipment. The de-
vulcanised portion of the material is therefore preferably at least 10% of the material

(by weight) although it may well be more than 90%.
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The proportion of de-vulcanised material to vulcanised granules has an effect
on the density of products made from the treated material. Thus, for applications such
as impact absorbing tiles or the like the portion of de-vulcanised material should
preferably be between 10% and 75% of the material (by weight).

The size of the granules in the un-vulcanised portion of the material also has
an effect on the characteristics of the treated material, and thus products made from
that material. This can also be varied by appropriate control of the mixing process. It
is envisaged that for most commercial applications of the treated material (for
instance for the production of impact absorbing tiles) the granule size should be less
than about 15mm and preferably less than 10mm (e.g. of the order of 0.8 to 7mm).

The treated material according to the present invention may be formed (e.g.
moulded or extruded) and cured in accordance with entirely conventional methods.
For instance, the material could be cured and moulded in a single process, in a press
for example. Moreover, the bulk density of the final product can further be varied by
controlling the fill-in factor of the mould and the forming process. The material can,
for instance, be compressed to reduce the number or size of voids (i.e. air spaces
formed at the granule sites) to increase density.

Depending on the type of mixer used to apply the required stresses to the
original vulcanised material (e.g. re-claimed rubber etc), in untreated form the
material may be in sheets, slabs, granules, irregular sized and shaped fragments etc.
No particular pre-processing is required The material should, however, be as free
from unwanted contaminants as possible. For instance, if the untreated material is re-
claimed rubber from scrap tyres, all metal should preferably be removed from the
material. However, this is not essential as the de-vulcanised material can serve to
bind such contaminants into the final product.

A further important advantage of the present invention is that there is no
requirement to mix the original vulcanised material with an amount of raw rubber or
similar elastomer. Thus, the treated material of the present invention may be derived
entirely from re-claimed material. Accordingly, products according to the present

invention preferably comprise entirely re-cycled elastomer. Moreover, products of
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the present invention are themselves 100% re-cyclable by the method according to the
present invention.

Although no chemicals are required for the de-vulcanising process (which is
entirely mechanochemical), additives common to conventional rubber formulation
technology may be added to the material, for instance to suit requirements of
subsequent re-curing of the de-vulcanised portion of the material (which may be
based on any conventional curing system such as, but not limited to, one utilising
sulphur as a vulcanising agent).

Various different forms of mixer could be used to impart the required stresses
on the material in the mixing process of the present invention. For instance, the
material could be cycled through a conventional two-roll mill. However, UK patent
number 2,300,129 mentioned above discloses a form of mixer specifically designed
for mechanochemistry. The mixer generally moves the material through a series of
high stress and relaxation zones whilst an integrated cooling system maintains
optimum mixing temperatures. The basic high shear mixer described in this patent
has been further developed by Watson Brown HSM Limited which produces mixers
suitable for operation of the present invention.

Essentially, the mixer comprises a first member that is mounted for movement
relative to a second member and has a grooved surface that is opposed to, and
separated by a gap from, a grooved surface of the second member. The arrangement
is such that one or more grooves and lands of each grooved surface are traversed
within the gap by one or more grooves and lands of the other surface during
movement of the first member for shearing and splitting material entered into the gap.
Each groove has walls that are inclined both to the respective grooved surface and
outwardly from one another upwardly of the groove. The grooves are also configured
to draw material entering the gap progressively further in to the gap forcing it along
the grooves to well up for mixing distributively with material moving backwardly of
the grooves in the gap.

Reference may be made to UK patent number 2,300,129 for further details of

the basic configuration of the mixer.



WO 03/014206 PCT/GB02/03477

7

A further advantage of the above form of mixer is that the temperature of the
material being mixed can be readily controlled by way of an integral water cooling
system. For instance, by maintaining temperatures below a curing temperature
curatives can be introduced during the high stress mechanochemical process without
any danger of the material actually curing within the mixer. This obviates the need to
provide a separate mixing stage for addition of a curative (¢.g. vulcanising agent such
as sulphur) to the material after it has been subjected to the mechnochemical mixing
process. This is in addition to the advantages of low temperature operation mentioned
above.

The present invention will now be further exemplified by specific example.
Example

Granulated rubber re-claimed from scrap tyres was mixed in a Watson Brown
HMS Limited high shear mixer. The untreated material supplied to the mixer
comprised granules of between 3mm and 7mm diameter. The material in the mixer
was maintained at a temperature below 80°C (and preferably below 60°C) by the re-
circulating water cooling system.

The mixing was stopped before all of the material had been de-vulcanised, so
that a portion of the original material remained as granules (of a size of approximately
7mm) dispersed within a matrix of well fluidised material.

The treated material was then transferred to a conventional two-roll mill where
curatives were added (i.e. sulphur and associated accelerators). The material was then
moulded by conventional means, using a heated press. In one specific example 0.5-
2% sulphur was added to the treated material which was then cured at 150°C for 10 to
30 minutes.

A range of products were produced from the treated material having a density
determined primarily by the fill factor of the mould, ranging from a relatively soft
compressible material (Which typical may be porous) to a substantially solid article.

The final product may be coloured on one or more of its surfaces by the use of
a coloured material, which may be derived entirely from re-cycled rubber having been

generated by the process according to the present invention. The covered layer may
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thus be co-moulded along with the bulk of the material. Alternatively, appropriate
pigments could be added to the material before it is cured.

It will be appreciated that although the invention has been described above
with particular with regard to re-cycling rubber products, such as scrap tyres, the
invention can be applied to the treatment of any vulcanised elastomer which responds
to mechanochemical stressing. The range of materials which could be treated in
accordance with the present invention, and the products which could be made from
material treated in accordance with the present invention, will be readily apparent to

the appropriately skilled person.
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CLAIMS
1. A method of treating cross-linked elastomeric material, the method
comprising:

subjecting the material to mechanical stresses in a processing apparatus to
mechanochemically de-vulcanise a portion of the material; and

controlling the processing operation such that a predetermined portion of the
untreated material remains vulcanised as granules, to thereby produce a flowable
material comprising granules of vulcanised elastomer dispersed in a matrix of de-

vulcanised elastomer.

2. A method according to claim 1, wherein the portion of de-vulcanised material

is at least 10% of the treated material.

3. A method according to claim 1 or claim 2, wherein the granules have a

maximum diameter of about 15mm.

4. A method according to claim 1 or claim 2, wherein the granules have a

maximum diameter of about 10mm.

5. A method according to claim 1 or claim 2, wherein the granules have a

diameter in a range between about 0.8mm and 7mm.

6. A method according to any preceding claim, wherein the treated material is

formed and cured to produce a product of a predetermined density.

7. A method according to claim 6, wherein the density is at least in part

controlled by appropriate control of pressure applied to the material as it is formed.
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8. A method according to claim 6 or claim 7, wherein the treated material is
formed in a mould, and the density of the material is at least in part determined by

controlling the fill-in factor of the mould.

9. A method according to any one of claims 6 to 8, wherein the product is an
impact absorbing tile or mat or similar product suitable for use as a flooring material
or as a covering material for a structure or as a shock absorbing component or

structure.

10. A method according to any one of claims 6 to 9, wherein a curing agent is
added to the material during the mechanochemical mixing process, and the material is
cooled during said mixing to maintain it at a temperature below the curing

temperature.

11. A method according to any preceding claim, wherein the untreated material is

a re-claimed material.

12. A method according to claim 10, wherein the untreated material is re-claimed
rubber.
13. A method according to claim 11, wherein at least a portion of the untreated

material comprises rubber re-claimed from scrap vehicle tyres.

14. A method according to any preceding claim, wherein the untreated material

comprises entirely of vulcanised elastomer.

15. A method according to claim 14, wherein the untreated material comprises

entirely of re-claimed elastomer.
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16. A product formed from material treated in accordance with any preceding

claim.

17. A product formed from a material obtainable by a method according to any

preceding claim.

18. A product comprising discrete granules of re-claimed elastomer dispersed in a

matrix of said elastomer which has been de-vulcanised and re-cured.

19. A product according to claim 18, wherein all of the elastomeric material is re-

claimed material.

20. A method of treating cross-linked elastomers, substantially as hereinbefore

described.

21. A method of re-cycling elastomeric material, substantially as hereinbefore

described.

22. A method of re-cycling rubber re-claimed from scrap vehicle tyres,

substantially as hereinbefore described.

23. A product formed from re-claimed elastomeric material, substantially as

hereinbefore described.
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