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(57) Abrége/Abstract:

This invention relates to methods for processing floor coverings (100), such as carpet and/or carpet tile, having at least one layer
containing a polyurethane (104), such that at least this polyurethane-containing layer (104) can be recycled and reused. The
method involves contacting the floor covering (100) with an organic polyol (110) and heating (120) it, so that the polyurethane-
containing layer (104) softens and/or partially liguefies, but can be resolidified by contact with additional polyisocyanate (140).
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.’Ijhis invention relates to methods for processing floor coverings (100), such as carpet and/or carpet tile, having at least one layer
containing a polyurethane (104), such that at least this polyurethane—containing layer (104) can be recycled and reused. The method involves

contacting the floor covering (100) with an organic polyol (110) and heating (120) it, so that the polyurethane-containing layer (104) softens
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and/or partially liquefies, but can be resolidified by contact with additional polyisocyanate (140).
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Separation of Floor Covering Components for Recycling

This application claims benefit of the filing date of U.S. Provisional Application Serial
No. 60/107,208, filed November 5, 1998.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to methods for recycling floor coverings, such as carpet or carpet

tile, and in particular, for recycling carpet or carpet tile having a backing, precoat, or adhesive

layer containing polyurethanes.

2. Descniption of the Related Art

Polyurethane resins, which are the reaction products of polyisocyanates and polyols, can
be used in a variety of different applications, including in the backing, precoat, or adhesive layers
of carpet and carpet tiles. However, the use of virgin polyurethane requires the use and handling
of significant quantities of polyisocyanates (as used herein, the term “polyisocyanate’ includes
diisocyanates, as well as isocyanates having more than two 1socyanate moieties), which can
cause health and safety problems, and require a high degree of care in handling and disposal. In
order to reduce the reliance on virgin polyurethane, and the need for handling of, and exposure

to, polyisocyanates, it would be desirable to reuse polyurethanes in existing carpets and carpet

tiles.

Traditional approaches to recycling and reuse have involved separating the individual
components to be reused or making do with mixtures of components, which often render the
recycled materials suitable for only uses in products of a quality lower than that of the recycled
product. Separating individual components of multilayered products, while often more feasible
than separating more homogeneous mixtures, can nevertheless present significant difficulties
where the layers are held together with adhesive. Often, the separation processes render one or
more of the components unusable, or usable only after significant additional processing. For

example, processes that involve heating polyurethanes to very high temperatures can often result

In irreversible degradation of the polyurethane molecule, in effect “downgrading” 1t by rendering
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it unsuitable for recycle or reuse in applications where it will have an equivalent value to virgin

polyurethane.
SUMMARY OF THE INVENTION

This invention relates to methods of recycling and reusing floor coverings, such as carpet
or carpet tile having polyurethane therein, such as in the secondary backing, or in the precoat

locking the fibers into the primary backing, or in the adhesive bonding the primary backing to the

secondary backing, or in moisture barrier layers in the product.

The methods of this invention allow the polyurethane to be reused without 1solating 1t
from other components in the secondary backing or adhesive, and requires significantly

decreased quantities of polyisocyanate.

The methods of this invention can be adapted to continuous recycling of polyurethane-

containing carpet components and continuous reuse in preparation of different carpet or carpet

tile.

[n addition, the invention allows the polyurethane in the floor covering products to be
reliquefied at temperatures low enough to avoid significant or irreversible degradation of the
polyurethane molecule. This allows the polyurethane to be resolidified easily by addition of
isocyanate. The invention can therefore be used to recycle and reuse products in a way that

achieves products equivalent in quality to those that are recycled.

More particularly, the invention relates to a method for processing a floor covering, such
as carpet or carpet tile, comprising a facecloth layer, a backing layer, and optionally an adhesive
or precoat layer, wherein the floor covering comprises at least one layer containing a
polyurethane formed by reacting a polyisocyanate and a first organic polyol, comprising:

contacting the floor covering with a second organic polyol (which may, 1f desired, be the
same polyol as the first organic polyol);

heating the floor covering and second organic polyol; and

separating facecloth layer from the backing layer.

In one embodiment, this invention relates to a method for recycling or reusing
polyurethane-containing carpet or carpet tile, by adding a diol or polyol to the carpet or carpet

tile, and heating this mixture to cause reaction between the polyurethane and the diol or polyol.

2

e e N P SNV I8 PL SVTTE T BVRY RV AL VT SRR POP Y TUNDYP T | RSP S . L L ST Lo R A P ST T P EE EEEL LSS e84 et e ST e e BT ST T R b s AT A e SRR 2 it el o



10

15

20

25

1 KRN R A SN 3 TR 3T R e et e

CA 02348886 2001-05-01

WO 00/27245 PCT/US99/257587

This embodiment of the invention can be advantageously used with either carpet or carpet tile, or

scraps thereof.

In another embodiment, this invention relates to a method for recycling or reusing
polyurethane-containing carpet or carpet tile, and in particular carpet, by spraying one or more
surtaces thereof with diol or polyol, applying heat, and stripping the facecloth (sometimes known
as “facecloth”) from the backing. Additional material of the type used to form the adhesive or
secondary backing, and having additional polyisocyanate, can be applied to the surface of the
secondary backing, which can then be adhered to a new facecloth. This embodiment of the
mvention has the additional advantage that the original facecloth can also be reused by adhering
it to a different secondary backing, if desired. No separation of tufted material or facecloth from

the primary backing is necessary.

In yet another embodiment, the invention relates to a method for recycling or reusing
floor coverings having a foamed polyurethane backing, a moisture-barrier layer containing
urethane (such as a urethane-modified bitumen), or both. This method involves contacting the
polyurethane or urethane-modified bitumen (or both) with polyol and heating. The method can
be used by, e.g., spraying the face cloth of the floor covering with polyol. This method of
application can be used even where a latex precoat (e.g., an EVA latex) has been used on the
surface of the primary backing or of the facecloth, as the polyol will penetrate the precoat and

reach at least the urethane-containing moisture barrier layer.
BRIEF DESCRIPTION OF THE DRAWINGS

This invention can be more clearly understood by reference to the following drawings,

which are not intended to limit the scope of the invention in any way.

FIG. 1 is a schematic diagram showing reversible polymerization reactions forming

polyurethanes, and schematically illustrating the role of the second organic polyol in the

Invention.

FIG. 2 1s a schematic diagram showing a method for separating the facecloth-containing

layer from the backing-containing layer of a floor covering, according to one embodiment of this

invention.
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DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

This inventor has found that if a polyurethane material is used as the backing of a floor
covering material, such as carpet or carpet tile, whether as part of the backing itself, or in an
adhesive or precoat layer which bonds the tufts in place and bonds the facecloth to the backing,
or as a moisture barrier or other layer in the floor covering material, or all of these, then there is
the potential for a simple separation of components. In particular, it has been found that
Polycarbite' ", which is a urethane-modified bitumen, and can be thought of as a combination of
an asphalt and polyurethane (the chemistry of which is described in U. S. Patent No. 5,096,764 to
lerry et al., which is incorporated herein in its entirety by reference), can be recycled and reused
using methods according to this invention. As indicated in FIG. 1, the reaction of a diol with a

diisocyanate produces a polyurethane. The reaction is reversible. If, for example, in the case of

a Polycarbite™, the polymer is produced using a hydroxy terminated polybutadiene (PolyBD)
and methylene para-phenylene diisocyanate (MDI) blended with the asphalt, a solid

Polycarbite™ material is obtained.

As used herein, the term “facecloth” refers to the fabric material forming the outermost
surface of a floor covering, i.e., the cloth that is typically seen and walked on. As used herein,
this term includes material serving as a primary backing (typically a woven or nonwoven fabric
into which pile fibers are tufted). The term “backing” refers to material supporting the facecloth,
often referred to as a secondary backing (typically a solid, possibly multilayered, polymeric
material serving to provide cushioning and dimensional stability to the floor covering material,
and typically bonded somehow to the primary backing or facecloth). Often, the undersurface of
the primary backing or facecloth is coated with a “precoat,” typically a latex, such as EVA,
which performs functions such as locking the tufted fibers into place, supporting and releasing
biocides and other active ingredients, adhering the primary backing or facecloth to the secondary
backing, etc. As explained in more detail below, this invention functions in part by reversibly
softening and/or liquefying a layer in the floor covering material that contains polyurethane, so
that a layer of material containing the facecloth can be separated from a layer of material
containing the backing. This layer may be the secondary backing itself, in which case at least the
upper surface thereof is softened and/or partially liquefied and a layer containing the face cloth
(and, in the case of tufted facecloth, the primary backing) is removed from the secondary
backing. In other cases, the polyurethane-containing layer may be an intermediate layer, such as

a urethane-modified bitumen moisture barrier layer. In this situation, the layers below the
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softened polyurethane-containing layer in the floor covering structure (called herein the
“backing-containing layer” or simply the-“backing” or “backing layer’”) would be separated from
the layers above the polyurethane-containing layer (called herein the “facecloth-containing layer”
or simply the “facecloth” or “facecloth layer”). Accordingly, those skilled in the art will
recognize that in describing or claiming the separation of facecloth or a facecloth layer or a
facecloth-containing layer from a backing or a backing layer or a backing-containing layer,
additional layers of material may be attached or adhered to the facecloth or secondary backing
per se, depending upon the position in the floor covering laminate of the polyurethane-containing

material that is softened by the process of the invention

The urethane portion of the material, which provides it with flexibility, is shown as a
polymer chain 10 in FIG. 1. When liquid polyol, i.e., the second organic polyol, for example
Poly BD, shown schematically in FIG. 1 as liquid molecules 20, is added to the system and
heated, the isocyanate will exchange the first organic polyol, bonded to the remainder of the
polymer chain, with the second organic polyol and produce shorter chains, which can be
liquefied with increasing temperature. These liquitd molecules are shown schematically in FIG. 1
as molecules 30. Thus, the heating of the carpet or carpet tile and polyol combination typically
at least partially liquefies the polyurethane-containing layer. If additional diisocyanate is then
added, the system can be resolidified, shown schematically as a solid polymer chain 40 in FIG. 1.
In eftect, the system acts as a chemical zipper. It will be understood by those of skill in the art
that this schematic representation is merely illustrative of one way 1n which the solid polymer
chain may be softened or liquefied by the polyol, and that other groupings of polyisocyanate and

polyol may result.

The methods of this invention can be used with any polyurethane and is not limited to
urethane modified bitumens, such as Polycarbite' . In general, 1t 1s desirable to use the same
polyol to liquefy the solid material as was reacted with the polyisocyanate to form the original
polyurethane. For example, with carpet or carpet tile having a polyurethane foam backing, the
same polyol can be used to liquefy the backing as was used to form the polyurethane originally.
In the case of a foam, the liquefied backing is combined with additional 1Isocyanate and passed
through a frothing unit, so that the polyurethane foam can be reformed. With Polycarbite™, by
using the Poly BD as the liquefying agent, the solid backing layer can be reformed merely with

addrtional polyisocyanate. This embodiment of this invention is particularly suitable for use in
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recycling the scraps produced as a consequence of the manufacturing process for making carpet

and carpet tile.

In one embodiment of this invention, which is applicable to carpet and carpet tile, as well
as scrap maternial, the recycled floor covering product (e.g. carpet tile) can be shredded and/or
ground into smaller pieces, placed in a reactor with organic polyol, and heated. In this
embodiment, the polyurethane-containing material, which may be the backing layer, or the
precoat or adhesive layer, or both, is at least partially liquefied by heating (in the case of
Polycarbite™, to a temperature of approximately 100°C), the facecloth components and any
fibers present (e.g., glass reinforcing scrim) strained out, and the iquefied backing reused in the
standard carpet or carpet tile system by adding additional diisocyanate to reform the

Polycarbite™ backing.

Another embodiment of this invention is particularly suitable for use with a complete roll
of carpet that can be removed from the floor. In this embodiment, 1llustrated schematically in
FIG. 2, the backing is separated from the facecloth by merely spraying additional polyol onto one
or more surfaces of the carpet, such as on the facecloth surface. When applied to the facecloth,
the attack by the polyol occurs only at the interface between the facecloth-containing layer and
the Polycarbite™ or other polyurethane-containing layer. The facecloth-containing layer can,
therefore, be stripped away from the backing-containing layer after the application of heat, and
the backing-containing layer can be continuously processed in the manufacturing of new carpet
or carpet tile, by applying additional Polycarbite™ (with excess 1socyanate) and a new facecloth-

containing layer: in effect, the backing is reused entirely. New carpet is then produced merely
by the addition of a new facecloth and a small quantity of Polycarbite™. The old facecloth can

then optionally be cleaned of any residual Polycarbite™ by contacting with solvent, and can be

recycled separately. A major advantage of this embodiment is the reuse of the backing directly,

with no reprocessing necessary, and the concomitant decrease in use of polyisocyanates.

This embodiment of the invention is shown schematically in FIG. 2. Recycled floor
covering material 100, comprising a facecloth-containing layer 102 and a backing-containing
layer 104 is contacted with polyol spray 110, desirably on the facecloth-containing side of the
floor covering material. The polyol-sprayed floor covering material is then heated by passing it
near a heat source, such as a hot plate 120. The material remains sufficiently close to the heat

source for a sufficient time to soften and at least partially liquefy the polyurethane in the material

6
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according to the mechanisms shown in FIG. 1. The facecloth-containing layer 102 is peeled
away from backing-containing layer 104, and collected by roller 130. The backing-containing
layer 104 is then contacted with additional polyurethane-containing material 135, such as
Polycarbite™ that has been enriched with a slight excess of polyisocyanate, desirably the same
diisocyanate used to make the polyurethane material itself apphied by applicator 140. A new
facecloth-containing layer 150 is then married to the backing-containing layer 104 using, e.g.,
mp roller 155, to form recycled floor covering product 160. Ornginal facecloth-containing layer
102 can then be separately recycled, e.g., by removing any residual polyurethane containing
material from its undersurface (if desired or necessary for the recycling process) and marrying

the facecloth or facecloth-containing layer to a backing or backing-containing layer.

This embodiment of the invention can also be used with a standard polyurethane, which
can be used directly, since the complete structure is a polyurethane. When the precoat or
adhesive layer contains a Polycarbite™, it is particularly important that the polyol used in the
reaction be partially soluble in the asphalt, as is the PolyBD. Asa result, it 1s best to use the
same polyol as was used to make the original polyurethane structure, since the final structure

then becomes equivalent to the original.

Polycarbite™ urethane-modified bitumen has also been used as a moisture barrier layer,
as disclosed in U.S. Patent No. 5,763,036, the entire contents of which are hereby incorporated

by reference. The moisture barrier properties of Polycarbite™ urethane-modified bitumen can be
used 1n floor covering products like those described in WO 99/ 19557, the entire contents of

which are hereby incorporated by reference. The floor covering products disclosed in this

publication can have a polyurethane resilient backing, a Polycarbite™ urethane-modified
bitumen layer, an optional latex precoat, and the floor covering facecloth. The process of the
Invention is equally applicable to recycling this floor covering product, since a polyol can be
sprayed onto the face cloth, and will penetrate the latex precoat and, on heating, liquefy the
urethane-modified bitumen layer, and possibly also the polyurethane resilient backing.
Additional or a different polyol can be applied to the resilient polyurethane backing if sufficient
penetration 1s not achieved by application to the face cloth and if liquification of the
polyurethane resilient backing is desired. However, typically, application of the polyol to the

face cloth followed by passing the floor covering over a heat source is sufficient to soften/ liquefy

the Polycarbite™ urethane-modified bitumen in the moisture barrier or intermediate layer, and
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the facecloth can be stripped from the backing, as shown in F 1g. 2. The recycled backing can
then receive, e.g., a new layer of urethane-modified bitumen having excess isocyanate present,

and can be bonded to a new facecloth. The original facecloth, with or without removal of the

Polycarbite ™ urethane-modified bitumen layer, can also be recycled by bonding with a new

backing layer.

The amount of polyol added to the floor covering will, to a large extent, need to be
determined by routine experiment with the particular floor covering product to be recycled, since
different floor coverings will contain different amounts of polyurethane. Generally, the amount
of polyol is sufficient to saturate the topcloth (if applied on the topcloth side and reach and soften
the urethane-containing layer. If the secondary backing is to be liquefied and refoamed, then
sufficient polyol can be directly applied to the secondary backing itself. Generally, the polyol is
applied to the floor covering in a way that will allow it to contact the polyurethane-containing
layer near the interface between the polyurethane-containing layer and the facecloth, so that the
softening/partial liquification of the urethane allows the facecloth to be more easily removed.
The temperature to which the polyol treated floor covering is heated during the heating step will
also vary to some extent with the amount and type of polyurethane used, but is easily
determinable in accordance with the present invention by one of skill in the art using only routine
experimentation. Generally, the heating temperature is around 90°C to about 120 °C, more
typically, around 100 °C. Typically, the temperature to which the polyol-treated floor covering
material is heated is well below the normal melting point or decomposition temperature of the

polyurethane or of the other materials in the polyurethane-containing layer.

It will be understood by those of skill in the art that the above-described embodiments
leave the backing layer essentially intact, allowing it to be recycled as a backing material without
significant further processing. However, it is also possible, using the present invention, to more
completely liquefy the polyurethane-containing layer for reuse. For example, 1f the floor
covering material has a backing layer containing predominantly polyurethane (e.g., a
polyurethane foam), this layer can be contacted with polyol, heated, and liquefied, and the
liquefied material contacted with additional polyisocyanate and added to a process for foaming
virgin polyurethane into new foamed polyurethane backing. Loadings of recycled polyurethane

as high as 20 wt% have been successfully foamed, and higher loadings may be possible.
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The invention having been thus described by reference to its general and specific

embodiments, it will be clear that other embodiments, modifications, and variations are within

the spinit thereof, and are intended to be encompassed within the scope of the appended claims

and equivalents thereof.
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WHAT IS CLAIMED IS:
1. A method for processing a floor covering comprising a facecloth layer, a backing layer,

and optionally an adhesive or precoat layer, wherein the floor covering comprises at least one
layer containing a polyurethane formed by reacting a polyisocyanate and a first organic polyol,
which comprises:

contacting the floor covering with a second organic polyol;

heating the floor covering and second organic polyol; and

separating the facecloth layer from the backing 'layer.
2. The method of claim 1, wherein said heating comprises Increasing the temperature of the
floor covering and second organic polyol sufficiently to at least partially liquefy the

polyurethane.

3. The method of claim 2, wherein said contacting comprises grinding floor covering into

smaller pieces and mixing these pieces with said second organic polyol.

4. The method of claim 3, wherein said polyurethane-containing layer is the backing layer

or the adhesive or precoat layer, or both.

5. The method of claim 4, wherein the polyurethane-containing layer comprises a urethane-

modified bitumen.

6. The method of claim 4, further comprising reconstituting the backing layer by contacting

it with additional polyisocyanate.

7. The method of claim 1, wherein said first organic polyol and said second organic polyol

are the same.
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1 8. The method of claim 2, wherein said contacting comprises disposing said second organic
2 polyol onto the facecloth layer of the floor covering, and pulling said facecloth away from said

3  backing layer.

1 9. The method of claim 8, wherein the backing layer is contacted with a material containing

2 additional polyisocyanate and adhered to a second facecloth, to form a second floor COVEring.

1 10. The method of claim 8, wherein the backing layer comprises a urethane-modified

2  bitumen.

1 11. The method of claim 8, wherein said first and second organic polyols are the same.

1 12. The method of claim 8, further comprising contacting said facecloth layer with a second

2 backing layer.

] 13. The method of claim 8, wherein the layer containing the polyurethane 1s disposed

2 between a precoat layer and the backing layer.

] 14. The method of claim 8, wherein the backing layer comprises foamed polyurethane, and

2 wherein the backing layer is the layer containing the polyurethane to be liquefied.

1 15. The method of claim 14, wherein the liquefied polyurethane obtained from the backing

2 layer 1s refoamed with added polyisocyanate.
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